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ABSTRACT 



Improvements in the production means for dodecahedral 
imaging are described, to define a simple, flexible and 
efficient strategy for the creation of extremely wide images. 
Improvements in production technology include lenses and 
optical mounts that enable automatic alignment of film and 
video cameras and-other imaging devices to cover multiple 
fields of view equal to one, two or three dodecahedral 
pentagons. Three double-pentagon formats, X, P and O, are 
described in detail, the X format producing an even hemi- 
spherical division and a full spherical view, and the P format 
producing simplified coverage of most of a sphere and ease 
of use for stereoscopic effects, and the O based on the 
combination of the dodecahedron and the octahedron. A 
triple-pentagon T format based on the use of the tetrahedron 
. is also described, along with crisscross optics and temporal 
offset mounts to minimize parallax differences between the 
separate camera views. Standard cropping mattes for 
dodecahedral images are given, and compressed storage 
methods are suggested for a more efficient distribution of 
dodecahedral images in a variety of media. 

25 Claims, 76 Drawing Sheets 
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IMMERSIVE IMAGING METHOD AND generated wraparound environment is a daunting challenge. 

APPARATUS Almost no computer can approach the complexity and 

subtlety of the appearance of the real world. The long labors 

BACKGROUND of the most skilled programmers, on the most powerful 

* r« u « i_ t • 5 computers, are needed to approach the level of complexity 

1. Field of the Invention an(J subtlety yisible in eyen a simple snapshot 

This invention relates to panoramic photography systems, ^ lack of an efficient method for bringing wrap-around 

and to the creation of images by means other than lenses. It of the external world mi0 vr displays has led to a 

is also related to signal processing devices for composite focus on artificially-generated environments, making a 

video recording. 30 more difficult to construct and leading to an uncon- 

2, Description of the Prior Art vincing result. To artificially create a stereoscopic, real- 
Panoramic photography, to encompass a wider field of looking scene in full motion (30 frames per second), while 

view, has been attempted with many systems, both for film retaining instant response to the gaze of the viewer in a 

and for video cameras. For example, fisheye lenses may be head-mounted display, is beyond the current state of the art 

used on cameras to record a hemispherical field of view in 35 in VR technology. 

a single exposure. Attempts at panoramic recording of external scenes for a 

However, to gain greater overall resolution and more wrap-around environment have been made for flight 

control over separate sections of the image, multiple expo- simulators, to show the landscape a trainee is flying over. For 

sures can also be used to create a composite wide-angle example, Y P. Chen, in the magazine ESD for February 

image. Many systems of composite image panoramic pho- 20 i988 > reports the recording of a data base of hemispherical 

tography have been attempted. An optimum system would images by means of a custom-built array of seven cameras 

be based upon a simple standard picture shape, with equal simultaneously exposing portions of the field of view onto 

edges, and a simple and consistent organization that lends 9-inch wide film; the resulting film images were scanned, 

itself to a variety of formats and applications. These qualities tnen electronically color-corrected, and mapped to create a 

are characteristic of the dodecahedral imaging system 25 composite fisheye view. These fisheye views are taken in 

described in the Applicant's U.S. Pat. No. 5,023,725, rapid sequence, sufficient to create an impression of motion. 

"Method and Apparatus for Dodecahedral Imaging System" However, the images are not all the same size and shape, 

(European patents pending) here called the Dodeca™ seven cameras are required for a hemispherical view, the 

System, and also known as RoundAbout™ Immersive recording medium is not standard, and extensive digital 

Imaging. 30 processing of the images is required to make them suitable 

Tbe Dodeca System uses the structure of the pentagonal f ° r f* 1 ^ With a .^decahedral system, on the other hand, 

dodecahedron to defermi£e The angles of view" and'align- " f ,l ? e component images are-of the same shape and size, a - 

ments for both cameras and projectors to produce pentago- hemispherical image can be captured with six cameras or 

nal images; by adding together these pentagonal images, one „ ^ a wording medium such as video is used, and 

can present a wrap-around spherical image with high 35 ^ost no processing of the image other than cropping is 

resolution, freedom from distortion, and lack of visible required tor display. 

seams. By overlapping pentagonal images taken from dif- A NOTE ON TERMINOLOGY 

ferent points of view, stereoscopic effects can also be mo]Jgh computer imagingi a pe ma g 0na i image can be 

produced. 4Q generated directly onto film or video, without actually 
In this earlier patent, camera and projection systems are photographing any external physical objects through a lens, 
described based on single-pentagon, dual-pentagon and However, today the design of such images is still based on 
triple-pentagon views, as well as an electronic viewfinder, t h e principle of optics in photography and cinematography, 
consisting of multiple camera views held contiguously in a commonly using such terms of the art as "lens " "camera," 
virtual frame store, and viewed through a mobile viewing 45 an d "field of view," to describe functions within the corn- 
window controlled by the operator. The present application puter similarly, a projector's lens and field of view can be 
gives details and improvements for each of these systems. mimicked by a computer creating an image for video 
Wrap-around computer image displays, whether stereo- projection. For purposes of simplicity in this discussion, no 
scopic or not, are found in advanced scientific and technical distinction will be drawn between this type of virtual camera 
applications, from designing buildings and molecules to 50 and projector and a more traditional physical camera and 
envisioning weather patterns. These displays are especially projector. So it will be understood by those familiar with the 
effective when viewed through a head-mounted display that art that such terms used here as "optical", "lens" "camera," 
can track the direction of the gaze of the viewer and react "projector," and "field of view" refer to generalized means, 
accordingly, giving one the impression of being surrounded and could refer to either embodiment. Similarly, the terms 
by the computer-generated world. This has given rise to a 55 "picture" and "image" refer to a recognizable representation 
growing number of applications in games and entertainment. of something, regardless of the storage medium. 
These wrap-around stereoscopic environments, usually Currently the divisions between film, video, and digital 
viewable by head-mounted displays, are usually described me dia are fast disappearing. The Kodak Cineon system, for 
under the label of "virtual reality," or simply VR. example, takes motion pictures originated 00 film, transfers 
These VR displays to date have not included images of the 60 them to digital video for enhancement and the addition of 
real, photographable world; instead, the environment is computer-generated effects, and then transfers this compos- 
entirely artificial, and has to be continuously regenerated in ite digital video image back to film. Because of this trans- 
response to the direction of the gaze of the viewer and his or migration of images across storage media, it will be under- 
her interactions with it. This typically requires a great deal stood that the images described here, even when they 
of expensive computer power, and there is always a lag in 65 originate on one medium, are not confined to that medium 
response corresponding to the complexity of the illusion alone. A film image, for example, can be transferred to 
being regenerated. A completely realistic computer- video, then digitized for distribution on computers. 
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In this dodecahedral system, recording means such as cially simplified to allow for greater accuracy and ease in 

cameras and reproduction devices such as projectors are manufacture. This method, called the X format, uses a 

complementary, since they share the same dodecahedral particular set of six alignment points, and is not found in the 

optical alignments and angles of view. Therefore, when pri° r a rt. 

describing an arrangement of lenses in a dodecahedral 5 F. It is also an object of this invention to provide a method 

camera, it can be seen by one skilled in the art that a similar for efficient recording of a panoramic view with optional 

arrangement of lenses in a complementary projection system stereoscopic overlap throughout. By making use of tilted 

is implied as well double pentagon segments in a horizontal sequence, most of 

Elements of this application are contained in the Appli- 8 s P^ rical ™. w < °* clu< ? in f onl y vef y l °P and bottom ; 

cant's Disclosure Documents 382,036, filed Sep. 16, 1995; io rec0rded wlth ^ five lma Sf md ^ f™*™™' 

- C1 fii j i i m mnc <**c \ho a* a kt i * inn/ of tne camera mounts is especially simple because the 

lAill' l Cd , \ 9 o ?ooit f ? i N ^, l h 19 ?o ; optical axes lie in a single plane, and represent a simple 

346,065, filed Jan. 18, 1994, and 309333, filed May 12, r £ ation of al m ^ a poim . ^ e 

1992, and are related to the Applicant's pending U.S. patent additioQ of five Qther images taken at ^r^diate positions 

application Ser. No. 08/445,658 "Dodecahedral Video View- adds stcre oscopic overlap to the entire view. This method, 

wg System , filed May 22, 1995. is ^ p ^ & ^ of ten alignmem pomts> 

PURPOSES AND ADVANTAGES OF THE and ^ su P erior to P rior art methods in that it provides a way 

PRESENT INVENTION 10 use dodecahedral geometry to improve the recording of a 

horizontal panoramic sequence. 
The present invention comprises improvements in the G It is also an object of this invention to describe a 
production means for images designed for the Dodeca method fof fou-sphere double -pentagon recording which 
System. These improvements form the means for efficient also prov ides an improved way to create stereoscopic over- 
production of images up to the area of a complete sphere, lap throughout the image . This met hod, the O format, is 
and their inclusion as a convincing picture of the real world unlike lhe prior art in that it uti]izes a ^ of six ^menl 
in the immersive medium now called virtual reality. points 0D tne ^decahedron determined by the vertices of a 

A. It is an object of the present invention to provide concentric octahedron. By utilizing an O format camera 
improved camera mounts for sequential still panoramic mount, a simple rotation creates a stereoscopic overlap for 
photography. The advantages of the mounts according to the up t0 an entire sphere at once. 

present invention are that: (1) parallax is eliminated from H It is also an of this i nve ntion to provide 

among the different views taken with the mount, unlike the 3q improved camera mounts for high resolution panoramic 

prior art, particularly McCutchen (U.S. Pat. No. 5,023,795 photography by using cameras each of which has a field of 
(1991)); (2) a lightweight, portable, and inexpensive_form_of_ view covering three pentagons. Using a.tetrahedon to deter- 

the mounts can be made for use with a common quick- mine came ra alignment allows more efficient recording of a 

release tripod; and (3) greater speed and accuracy in still full-sphere image with fewer components than is possible 

panoramic photography than is possible under the prior art ^ urlder McCutchen, and also allows full-sphere stereoscopic 

is provided by a motorized form of the mounts according to photography for 3-D effects. This too is a significant 

the present invention. improvement over McCutchen and all prior art. 

B. It is also an object of this invention to provide means \ t \ { IS ^ an 0 bj ect 0 f this invention to eliminate parallax 
for creating 3-D effects in panoramic photography. A motion separations between camera images in a multi-camera array, 
control connected to the camera mounts creates oflfeet ^ Thj s purpose is achieved by an optical mount aligned such 
images for stereoscopic effects. This plus the improved that there are crossing optical paths among multiple divided 
camera alignment process of the present invention is a lenses, with the nodal points being located near a common 
significant improvement in 3-D panoramic photography center. The advantage of the present invention over 
over prior art, particularly McCutchen. McCutchen and the prior art is the ability to use larger and 

C. It is also an object of this invention to allow larger 45 higher quality cameras in a closely-packed camera array 
cameras to be used in a simultaneous multi-camera array for while simultaneously minimizing any parallax differences 
panoramic photography than are possible with the outward- between them. 

facing array of McCutchen, while at the same time main- j. i t is also an object of this invention to eliminate parallax 

taining a minimum parallax distance between individual differences between the cameras in a multi-camera array, 

lenses. An inward-facing array of cameras, pointing toward 50 Multiple cameras, of almost any size, may, through the 

the center of the dodecahedron, permits the use of very large present invention, seem to be taking their pictures from the 

cameras for panoramic photography, whether still or motion. same point in space. This object is achieved through the use 

D. It is also an object of this invention to provide simple of one-frame increments of distance determined by a given 
camera mounts to permit more varieties of off-the-shelf rate of movement of the camera array. This has been an 
cameras to be used in a simultaneous multi -camera array for 55 unsolved problem in the art. 

panoramic photography. The modular camera mounts of this K. It is also an object of this invention to provide an easily 

invention can accommodate cameras such as high-resolution adjustable camera mount which can be rapidly aligned as 

professional still cameras and commonly available industrial required by the X, P, and O formats for double pentagon 

small video cameras, which is not possible with prior art fields of view, 

camera mounts. 60 Recording Means 

E. It is also an object of this invention to provide a method L. It is also an object of this invention to provide mobile 
for full recording of a spherical view with a reduced number and stationary field recording equipment especially suited 
of components in a manner that also allows for easy division for the recording of nearly spherical views. This equipment 
into hemispheres for use in dome theaters or other applica- is designed to remain invisible to the camera array despite its 
tions that require only half of a spherical view. The use of 65 extremely wide field of view. 

double-pentagon segments reduces the components M. It is also an object of this invention to provide 

required, and the structure of the camera mounts is espe- improved means for recording and playback of up to three 
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pentagonal views on one video recorder. Using the image geodesic curtain, suitable for the display of one or more 

processors of the present invention, image compression is pentagonal images up to an area of a hemisphere or more, 

not necessary, and recording and playback can be done This screen can be retracted to free up floor space when not 

without significant loss of image information. m use- 

Postproduction Means 5 Y. It is also an object of this invention to provide an easily 

N. It is also an object of this invention to provide means assembled modular screen for a dome theater. This screen is 

for rapid comparison of pentagonal views, in order to test made U P of a sim P le modular framework covered by stan- 

their alignment for use in a composite image. Improved dardized sphericd screen section, with provision for attac^ 

video switcher functions perform the necessary image ment of speakers to the screen sections for vivid sound 

manipulations in a minimum number of steps. 10 P h £. ack ^ assembled d ° mc **ater. # 

/ -, r . JOi rr Other objects, advantages and novel features of the 

Cropping and Storage Template Means t inve J mion ^ from the foUowi 

0. It is also an object of this invention to provide descri tioD of the invention when considered & 

correction of common forms of image distortion and vana- con j unct ion with the accompanying drawings. 

tion in camera lenses while preserving essential pentagonal i mpr0 vements in production means include: 

image information. This extends the range of usable optical 15 

components beyond what is described in the prior art. CAMERA AND OTHER IMAGING MEANS 

P. It is also an object of this invention to provide optimum A. Simple optical mounts suitable for aligning common 

arrangement of spherical image information for transmis- film or video cameras and projectors, for either still or 

sion and reproduction. By the use of special encoding maps motion pictures, to cover individual portions of a spherical 

for each of the various pentagonal formats, essential image 20 field of ™ w ec l ual t0 a sin S le dodecahedral pentagon, 

information is preserved with a minimum of distortion and B. A simple modular design for an optical mount for 

l 0SSi aligning common film or video cameras and projectors, for 

Q. It is also an object of this invention to provide for the either stiu or motion pictures, to cover individual portions of 

generation of effective stereographic image displays. A a spherical field of view equal to two dodecahedral 

separation and overlap process for double-pentagon views 25 pentagons with three such views forming a hemispherical 

yields the proper right-eye and left-eye views with a preset ™age, and six a complete sphere 

series of steps Designs for a second type of double-pentagon optical 

Virtual Viewing; Means mount, utilizing tilted double-pentagon views and optical 

n 1t . , u- * • *• a c a axes in a single plane, capable of covering almost all of a 

R. It is also an object of this invention to provide for rapid . ■ i • * or ■ 

c J . - . n . 4 i. 1 „„ spherical view. This arrangement offers panoramic coverage 

generate of a region of interest from within a virtua 30 £ mQst of a herica] y f ew ^ a mmbtr » f 

spherical trriage originally made up of multiple pentagonal cameras> an(J * tmision for easUy rec0 rdi n g such a view 

segments. The amount of information required is reduced - -stereoscopically - - - 

because of the selection process that is undertaken before the D Designs for a thifd type of double . pentagon mount) 

window of interest is generated. wherein six double-pentagon images form a sphere, and the 

Projector Means 35 optical axes are aligned to the edges of a dodecahedron at the 

S. It is also an object of this invention to provide inex- points of an octahedron, 

pensive and compact slide projectors for projecting spherical E D es i gns f or a type of triple-pentagon mount, wherein 

images in either single or double-pentagon formats. This the optical axes are al i gned t0 me vertices of a dodecahedron 

enables an efficient way to make use of high -resolution tnat m also at the points of an tetrahedron, including 

dodecahedral still photography recorded on film. 40 proven f or an 0 ffse t position of this mount for stereo- 

T It is also an object of this invention to provide for the scopic imaging, 

projected display of up to an entire spherical image at once p Designs for an optical mount with a criss cross lens 

through a modular global video projector with a fiber optic m ^ ovision for lhe use of multiple divided lenses 

remote light source. The use ;of this light source offers both ^ ±c Qodal ^ located at a common centefj tQ 

higher brightness and less heat m the display of a global 45 elimiaate parallax separations between camera images. 

vi eo image. G. A temporal offset mount for eliminating parallax 

U. It is also an object of this mvention to provide for ,.„. J , . f c • * r 

. J ... • . iL f r differences through the use of one-frame increments of 

enhanced resolution in a global projector through the use of . j- « 

^. . r\ • mum n r r c distance accordmg to a given rate ot movement, 

a Digital Multimirror Device (DMD). Use of a new form of „ * , . ? , . 

projection module design produces higher resolution and 50 , , A ™ulti-purpose camera mount capable of being 

image stability in the projected image, to aid in creating a cllcked X ° A ^ X *6™s °f rotatlOD used Wlth the most 

seamless composite projection. commoQ double-pentagon format vana ions. 

V. It is also an object of this invention to provide for Further rclated improvements will also be described for 

creation of a nearly complete spherical television image recording means, postproduction means, cropping and stor- 

viewable from outside on a spherical screen. The use of a 55 a 6 c template means, as well as various display means, 

central pentagonal image projector with special supports including virtual viewing means, projector means, and 

maximizes the area of the projected image to nearly an entire screen meaos > whlch wlU be covered by further 

sphere without any cast shadows. continuations-in-part with new sets of claims related to this 

W. It is also an object of this invention to provide alternate application, 

forms of projection in dodecahedral dome theaters. By using 60 O ther objects, advantages and novel features of the 

peripheral projectors, off-axis lenses and mirror mounts, present invention will become apparent from the following 

more forms of commercially available projectors can be detailed description of the invention when considered in 

used, while at the same time increasing the available audi- conjunction with the accompanying drawings, 

ence space within the dome theater. BRIEF DESCRIPTION OF THE DRAWINGS 

Screen Means 65 

X. It is also an object of this invention to provide a INTRODUCTION TO THE DODECAHEDRON 

lightweight dome screen consisting of a suspended folding FIG. 1: Perspective view of a concentric dodecahedron. 
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FIG. 2: Perspective view of the subdivision of a spherical FIG. 24: The preferred double-pentagon image within a 

field of view by the projection of a concentric dodecahedron. rectangular wide screen aspect ratio. 

FIG. 3: Cross section of a quarter dodecahedron within a FIG. 25: The preferred triple-pentagon image shown 

concentric sphere, showing its components, angles and within a square aspect ratio as well as the common 4:3 video 

length ratios. 5 aspect ratio. 

FIG. 4: Top view of a dodecahedron, summarizing the DOUBLE PENTAGON FORMATS 
various alignment points used by the dodecahedral formats 

to be described. X Format 



IMAGING MEANS 30 



FIG. 26: Exploded perspective view of a sphere, showing 
the double pentagon section and optical axes characteristic 

SINGLE PENTAGON FORMAT of the XodoX ™ or x Format - 

FIG. 27 Top schematic view of double pentagons in the X 
FIG. 5: A centered single-pentagon image shown within a Format, in the X-H (X-Hemisphere) alignment, with three 
common video aspect ratio, giving the optical characteristics double-pentagon images representing a hemispherical view. 



FIG. 28: Top view of an optical mount for double - 



of the single-pentagon lens. 35 

FIG. 6: A schematic view of sequential photography of pentagon images in the X-H format, and a top view of a 

single-pentagon images. dodecahedron showing the edges used as its alignment 

FIG. 7: A simple mounting bar for a still camera, for points, 

successive single -pentagon and regular panoramic photog- 2Q FIG. 29: Schematic cross sections of the above optical 

raphy with rotation around a nodal point. mount, showing the characteristic angles for the vertical 

FIG. 8: Side view of this mount in its alignment for double pentagons, as well as the two sets of horizontal dual 

regular panoramic photography, showing components for a pentagons along the horizon. 

quick-release tripod mount. FIG. 30: Perspective views of this optical mount for 

FIG. 9: Side and front views of a motorized motion 25 hemispherical coverage, showing the alignment points on a 

control version of a single-pentagon sequential photography spherical field of view subdivided by a projected dodeca- 

mount with rotation around a nodal point. hedron. 

FIG. 10: Side views of this mount showing the charac- • FIG. 31: Schematic top view of the component parts of 

teristic orientations for the vertical view, and for above and this optical mount. 

below-horizon views. 30 FIG. 32: Top view of this optical mount, assembled for a 

FIG 1 11: Top view of an offsetting motion control mount hemispherical view, 

for the camera in the above mount, allowing the production " FIG. 33: Schematic lateral view of the components of the 

of stereoscopically offset views. optical mount arranged for the coverage of a full -spherical 

FIG. 12: Top view of the components of an inward-facing field of view > and tne position of the optical horizon relative 

mount to align three cameras or projectors to cover three 35 t0 tnis arrangement, called the X-S (X-Spherical) format, 

pentagon views. FIG. 34: Flattened top view of the arrangement of com- 

FIG. 13: Side view of the above mount, used to mount ponents for the X- format, showing the position of the 

multiple camcorders. °P tical horizon. 

FIG. 14: Top view and perspective views of the compo- dn FIG - 35: ^ X S spherical mount, reduced to its central 

nents of a simple single-pentagon mount to align multiple band of rectangles and trapezoids, arranged horizontally, 

cameras or projectors for simultaneous coverage of a nearly- FIG * 36: Th e characteristic arrangement of the double 

spherical image, wherein the components are attached to a pentagons for the X-S format, representing the coverage of 

base plate. a m ^ spherical field of view. 

FIG. 15: Cross section of the above mount showing 45 FIG - 37: Front view of a motorized motion control X-S 

cameras mounted. format mount with rotation around a nodal point. 

FIG. 16: Top view and orthogonal views of the compo- FIG - 38: side view of tDe above mount, 
nents of a single-pentagon mount for simultaneous coverage FIG - 39: Side views of th is mount showing the charac- 
of a nearly-spherical image, wherein the components are teristic orientations for the above and below-horizon double- 
mostly attached to each other. 50 pentagon views. 

FIG. 17: Side view of the above mount, showing cameras FIG - 40: Front view of lhe above mount, turned to 

mounted for coverage of a hemispherical image. produce the X-H format. 

FIG. 18: Cross section of a modular facet mount for the FIG - 41: Stora S e template for condensed storage of a 
alignment of miniature board cameras for simultaneous hemispherical video image in the X-Hemisphere double- 
single-pentagon coverage of a spherical field of view. 55 pentagon format. 

FIG. 19: Top view of the above mount. FIG - 42: Stora 8 e template for condensed storage of a 

_„ A . c uijjju stereoscopic spherical video image in the X-S format. 

FIG. 20: A perspective view of an assembled dodecahe- ™^ a* a ^ L • v ?, _. L i 

dral optical apparatus such as a camera. . 43 = An above-hori2on X-H double pentagon image, 

.-^J , ~« I . , , ... , , , . * . showing the orientation of the top of the image relative to the 

FIG. 21: A side view of a multifaceted dodecahedral 60 horizon 

mount for multiple single-pentagon cameras, showing the „ Tj0 " A , v T1 . • , 

, r 7 j .if .u ^ i * * FIG. 44: A vertical X-H double pentagon image, showing 

sound recording apparatus and the outboard electronic pro- . . A . r . . _ , . * f . & t . & 

• • -Li i • % r the orientation of the top of the image relative to the horizon, 

cessor in an invisible area beneath the camera. ■ r & 

FIG. 22: A side view of the above dodecahedral camera, P Format 

inverted by a suspension mount. 65 FIG. 45: A right-leaning Pentarama™ or P-Format double 

FIG. 23: The preferred single-pentagon image shown pentagon image, showing the orientation of the top of the 

within the common 4:3 video aspect ratio. image relative to the horizon. 
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FIG. 46: A succession of five right -leaning P-format 
double pentagons, representing most of a spherical field of 
view. 

FIG. 47: A left-leaning P-Format double pentagon image, 
showing the orientation of the top of the image relative to the 5 
horizon. 

FIG. 48: A succession of five left-leaning P-format double 
pentagons, representing most of a spherical field of view. 

FIG. 49: Left-leaning and right-leaning P-Format double 
pentagon images, showing how they overlap to produce a 30 
stereoscopic area. 

FIG. 50: Schematic representation of a succession of 
overlapping double -pentagon P-format views producing a 
stereoscopic area, and how the double pentagons are divided 
for assignment to alternate eyes in the stereoscopic viewing 
process. 

FIG. 51: A perspective view of a simple still camera 
mount on a rotating bar, for two-dimensional coverage of 
most of a sphere with a single camera, or three-dimensional 2 o 
coverage with two cameras. 

FIG. 52: Another perspective view the above mount, 
showing two cameras mounted for three-dimensional cov- 
erage. 

FIG. 53: A top view of a ring of ten cameras in the 25 
P-format for three-dimensional coverage. 

FIG. 54: A top view of a ring of five cameras in the 
P-format for two-dimensional coverage, showing the addi- 
tion of nodal-point centered divided optics to eliminate 
parallax differences between the adjacent views. 30 

FIG. 55: A perspective view of a main ring of cameras, 
showing the tilted camera views and optical axes in a single " 
plane characteristic of the P format. 

FIG. 56: Side view of multiple cameras for a full stereo- 
scopic spherical image in the P format. 35 

FIG. 57: Side view of a P format camera, showing 
cameras using right- angle optics and extended axes. 

FIG. 58: A top view of temporally offset mounts of a five 
and ten-camera array, with the distance between cameras ^ 
being dynamically adjusted to be the equivalent of one 
frame's worth of distance at a given rate of speed, as an 
alternate method of controlling parallax differences between 
adjacent views. 

O Format 45 

FIG. 59: Perspective view of a dodecahedron and a 
concentric octahedron, illustrating a third type of double- 
pentagon format, the Octahedron or O-format, which has 
optical axes pointing to the centers of dodecahedron edges 
which also lie at the vertices of an octahedron. 50 

FIG. 60: A perspective view of an O-format optical 
mount. 

FIG. 61: Schematic representation the characteristic 
arrangement of O-format double-pentagon views represent- 55 
ing a spherical field of view. 

FIG. 62: Schematic representation of a succession of five 
right-leaning P-format double pentagons, representing most 
of a spherical field of view. 

FIG. 63: Schematic representation of a succession of six 60 
X-S format double pentagons, representing all of a spherical 
field of view. 

TRIPLE PENTAGON FORMAT 

T Format 65 

FIG. 64: Perspective view of a dodecahedron and a 
concentric tetrahedron, illustrating a triple-pentagon format, 
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the Tetrahedron or T- format, which has optical axes pointing 
to the dodecahedron vertices which also lie at the vertices of 
a tetrahedron. 

FIG. 65: Perspective schematic view of the relationship 
between the dodecahedron vertices of two T-format sets of 
views, with one set of views having been rotated relative to 
the other for a stereoscopic effect. 

FIG. 66: Schematic representation of four T-format triple 
pentagons, representing all of a spherical field of view. 

FIG. 67: Perspective schematic view of the relationship 
between the dodecahedron vertices of two stereoscopic 
T-format sets of views, which also lie on the alternate 
vertices of a cube, and an illustration of the set of views 
produced by a first orientation. 

FIG. 68: An illustration of the set of views produced by 
the second rotated orientation. 

FIG. 69: A schematic cross section of a tetrahedral lens 
mount with crisscross optics. 

RECORDING MEANS 

FIG. 70: Block diagram of the equipment used in a typical 
field recording, 

FIG. 71: Block diagram of the equipment used in the basic 
postproduction process. 

FIG. 72: Perspective view of an assembled dodecahedral 
camera. 

FIG. 73: Side view of a portable camera mount for a 
camera operator, including provision for carrying the nec- 
essary recording and monitoring equipment. 

FIG. 74. Top view of the above portable camera mount. 

FIG. 75: Side view of a portable camera and equipment 
mount, with provision for carrying everything by means of 
a wheeled conveyance such as a wheelchair. 

FIG. 76: Side view of a portable camera mount in the form 
of a motorized cart, capable of carrying the necessary 
recording and monitoring equipment. 

FIG. 77. Top view of the above camera cart. 

FIG. 78: Schematic representation of two pentagons being 
recorded within a common 4:3 video aspect ratio, with the 
second pentagon image, being encoded and decoded in the 
area surrounding the first central pentagon, showing the 
position of outside pentagon information before and after 
encoding. 

FIG. 79: Block diagram of an encoding processor for the 
coding and decoding of a dual pentagon image within a 
video image with a 4:3 aspect ratio. 

FIG. 80: Schematic representation of two pentagons being 
recorded within a common 4:3 video aspect ratio, with the 
second pentagon image, being encoded and decoded in the 
area surrounding the first central pentagon. 

FIG. 81: Schematic representation of two transposed 
pentagons recorded within a 9:16 aspect ratio, also showing 
where information representing a third outside pentagon can 
be recorded. 

FIG. 82: Schematic representation of the above image, 
anamorphically squeezed to fit within a 4:3 aspect ratio. 

POSTPRODUCTION MEANS 

FIG. 83: Schematic view of the successive manipulation 
of two or more video images to examine an edge between 
adjacent pentagonal regions between a top single pentagon 
and a top of an above-the -horizon pentagon view. 

FIG. 84: Schematic view of the successive manipulation 
of two or more video images to examine an edge between 
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adjacent pentagonal regions between two above-the-horizon FIG. 103: Wide-aspect-ratio storage template for con- 
pentagon views. densed storage of twelve 4:3 video images containing single 
FIG. 85: Schematic view of the successive manipulation identified pentagons, surrounded by the optional image area 
of two or more video images to examine an edge between t0 encode additional pentagons. 

adjacent pentagonal regions between two below-the-horizon 5 FIG. 104: Schematic diagram showing the relationship 

pentagon views. between a video aspect ratio of 4:3 and a square containing 

FIG. 86: Schematic view of the successive manipulation a central pentagon, 

of two or more video images to examine an edge between FIG. 105: Storage template in a 4:3 aspect ratio for 

adjacent pentagonal regions between an above-the-horizon condensed storage of a full spherical video image in twelve 

pentagon view and a be low-horizon pentagon view. 10 squares containing single-pentagon images. 

CROPPING AND STORAGE TEMPLATE ^ T; Storag ° * ", ^ ^ ^ 

condensed storage or a full spherical video image in twelve 

dodecahedral divisions, according to the Arno Peters global 

FIG. 87: Cropping diagram for a single -pentagon image 15 projection, 

in a video aspect ratio, including optional image area and FIG. 107: Storage template for condensed storage of 

typical optical distortion. multiple pentagons in an anamorphically-squeezed 4:3 

FIG. 88: A single pentagon image in a video aspect ratio, single-pentagon format, showing the extraction of up to six 

showing the correction of pentagon edges to their ideal separate pentagonal views. 

shape. 20 FIG. 108: Schematic view of a storage template for up to 

FIG. 89: Representation of the ideal goniotropic optical four anamorphically-squeezed 4:3 images, along with a 

characteristics for the single pentagon image, expressed in second set for additional views such as for 3-D. 

latitude and longitude lines on a concentric global field of FIG. 109: Storage template for condensed storage of a 

view. stereoscopic spherical video image in the double -pentagon 

FIG. 90: A schematic representation of the optional cor- 25 P-format, showing their division into right-eye and left -eye 

rection of the equatorial edges of single pentagon images to views. 

fill in any missing regions caused by the use of lenses with 

fields of view narrower than the ideal. DISPLAY MEANS 

FIG. 91: Aschematic view of a minimal square recording FIG. 110: Summary diagram of three possible ways of 

of a single-pentagon image, using a different optical center 30 viewing the information representing a spherical field of 

and a smaller angle of view than normal.^ _ view, including a virtual viewpoint, a point of view from 

FIG. 92: Another type of cropping, designed to only show inside a dome, and a point of view on the outside of a 

areas in above -horizon pentagons that are actually above the translucent sphere. 

horizon. 

FIG. 93: Aschematic representation of the optional image 

areas in P-format double-pentagon images, and how they FIG. Ill: Symbolic representation of a virtual viewpoint 

can serve to fill in a substantial portion of any missing image established in the center of a spherical field of view, wherein 

information in the topmost region of an overall recorded the viewer is free to look around. 

field of view. 4Q pj G ^ Block diagram of the components of a multi- 

FIG. 94: Aschematic representation of the optional image channel codec for the construction of a surrounding virtual 

areas in X-H format double-pentagon images, and how they field of view and the display of a region of interest therein, 
can serve to fill in missing image information immediately 

below the horizon in an overall hemispherical recorded field PROJECTION MEANS 

of view. 4 5 pjQ -Q3 ; c ross sections of a small personal dome pro- 

FIG. 95: The outline of a typical double-pentagon image jection screen, capable of being assembled in sections, 

in a wide aspect ratio, showing typical optical distortion. showing a compact central dodecahedral projector for full or 

FIG. 96: A representation of typical optical barrel distor- partial dome views, 

tion in a wide-angle image. FIG. 114: A flattened top view of a hinged slide mount for 

FIG. 97: Schematic representation of alternately tilted 50 six single-pentagon slides representing a hemispherical 

orientations for the recording of double-pentagon images in view, wherein the slides are hinged to a central view, 

a 4:3 aspect ratio. FIG. 115: A flattened top view of an alternate hinged slide 

FIG. 98: Schematic representation of a camera mount mount for six single-pentagon slides representing a hemi- 

with locking positions for these degrees of tilt. spherical view, wherein the above-horizon slides are mostly 

FIG. 99: Representation of five pentagon images repre- hinged to each other, 

sen ted as tilted facets in a 4:3 aspect aspect ratio. FIG. 116: Cross section of a slide projector for the display 

FIG. 100: Schematic view of a sequence of ten single of up to six single-pentagon images representing a hemi- 

pentagons arranged in a virtual sequence representing most spherical view. 

of a spherical field of view, along with a horizontally 60 FIG. 117: A flattened top view of a hinged slide mount for 

movable region of interest. single-pentagon projection, showing additional images 

FIG. 101: Flattened view of the pentagonal facets of a added below the horizon for a nearly spherical image, 

spherical field of view, identified by standardized letters. FIG. 118: A flattened top view of an alternate hinged slide 

FIG. 102: Square storage template for condensed storage mount for a nearly spherical image, 

of a full spherical video image in twelve segments contain- 65 FIG. 119: A flattened top view of a hinged slide mount for 

ing single-pentagon images, showing the individual facets three double-pentagon slides photographed according to the 

and how their edges match. X-H format, representing a hemispherical view. 



35 VIRTUAL VIEWING MEANS 
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FIG. 120: Dual cross sections of a slide projector for the FIG. 133: Cross section of a dome theater showing 

above mount. peripheral projection, and the use a mounted mirrors for the 

FIG. 121: Sequential side views showing the sequential vertical view, 

manipulation of this slide mount in a special slide projector. FIG. 134: Composite cross section of a dome screen 

FIG. 122: Oblique, top and bottom views of a dodecahe- 5 showing peripheral projection, off-axis projection and the 

dral LCD projection module. ^ °* mounted mirrors for extended throw distances. 

FIG. 123: Conventionalized cross section of a modular FIG - 135: Cross section of dome screen projection show- 

dodecahedral Liquid Crystal Display (LCD) video projector ^ ^ use of mounted mirrors for extended throw distances. 

with a central light source for a hemispherical image. 1Q SCREEN MEANS 

FIG. 124: Silhouette view of a modular dodecahedral ^ £ A .. c A . 

r r^r^ i l t j • * j , . , • FIG. 136: A cross section of a geodesic curtain screen, 

LCD global video projector and a concentric global projec- , . . . , . j .u c 

r J & r j showing the suspension elements and the position of pro- 

tion surface. • . 

jectors. 

FIG. 125: Conventionalized cross section of a modular cir A „ mcc oo n n nF • t . rtMil „ 

t * • j ^ i t*\ ■ i st ^r^v i L i • j • . * t. FIG. 137: A cross section or a portion of this screen, 

Liquid Crystal Display (LCD) global video projector with a 15 u . . fu . . , < u - . 

n , , . \. f j \ / t- j showing the types or hinging elements and how they interact 

central light source. j • • j T 

& durmg extension and retraction. 

FIG. 126: Schematic representation of a dodecahedron FIG. 138: Flattened top view of a section of this geodesic 

projected onto a concentric sphere, showmg dodecahedral ^ showj jts onent rts ^ the locat ; on of the 

divisions of the sphere. hinges 

HG. 127: Conventionalized cross section of a modular 20 fig ; 139; Top view of tQe framework of another kind of 

LCD global projector with a fiber optic remote light source, dome screen> made of that can be disassembled and 

and individual fiber optic illumination cables for the pro- easily packed( and des igned according to geodesic great- 

jection modules. circk division of the spheret 

FIG. 128: A schematic representation of a global projec- 25 FIG. 140: Schematic view of the components of this 

tion surface, with pentagonal support legs consistent with modular screen frame. 

extensions of the vertices of a central dodecahedron. CTr , 1yf1 . A „ n c „ c n „„ • . . 

FIG. 141: A representation or a tour- pentagon projected 

FIG. 129: Cross section of an individual fiber optic view, 

projection module, showing illumination and signal cables. FIG. 142: A perspective view of a partial dome screen 

FIG. 130: Cross section of a remote fiber optic illumina- 30 representing a three-pentagon view, 

tion source, and its diyision into individual illumination piG. 143: Cross section of the framework and covering 

cables. " for the modular dome screen described above. 

FIG. 131: Cross section of a spherical television screen FIG. 144: A perspective view of a sphere, showing how 

with a central X-S format double-pentagon pentagonal each kite-shaped division of this modular screen represents 

image projector, made for viewing from outside the screen. 35 a fifth of a pentagon. 

FIG. 132: Cross section of an individual Digital Multi- FIG. 145: Top view of one assembled section of this 

mirror Device (DMD) projection module, showing the illu- screen, along with its covering, and showing the mounting 

mination path components. of an attached speaker. 



LIST OF PARTS 
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Top of recorded image for vertical X-H pentagons 
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Side Dual X-H Pentagon #2 
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Top of recorded image for side X-H #2 
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Optional image area - side pentagons #2 
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Optional image area - vertical pentagons 
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Assembled multifaceted X-H Mount 
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Center of axis for side pentagons #2 
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Center of axis for vertical pentagons 
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Center of axis for side pentagons #1 
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X-H upper plate 
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X-S lower dual pentagon 




464 


Center of lower dual pentagon X-S 
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FIG. 41 
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FIG. 42-44 
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FIG. 45 


494 


Right leaning P format dual pentagon image 




496 


Width indicator for P format image 




498 


Indicator for top of recorded P-format image 
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Left-leaning P-format dual pentagon image 


FIG. 48 


506 


Isolated left-leaning P-format pentagons 




508 


Isolated adjacent- leaning P-format pentagons 


FIG. 49 


510 


Recorded image in left-leaning pentagons 




512 


Recorded image in right-leaning pentagons 




514 


Overlapping stereo image region pentagon 


FIG. 50 


516 


Equationai plane of dodecahedron 




518 


Camera producing right-leaning view 




520 


Camera producing left- leaning view 




522 


Normal vertical axis of picture 




524 


P-format tilt (54°) 




526 


Interocular dist. betw. opp. orientations of dual pentagons 




528 


Center of overlapping region of stereo 




530 


Adjacent right- leaning camera 
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R assignement for viewing L half of L leaning 
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L assignment to view R half of L leaning 



10/15/2003, EAST Version: 



1.04.0000 



6,141,034 

21 22 



LIST OF PARTS-continued 





536 


R assignment to view L half of R leaning 




538 


L assignment to view R half of R leaning 


FIG. 51 
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New photographed pentagon #2 stereo 
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Third covered pentagon (E) 




686 
688 


Rotation of fust point 

Rotation point on tetrahedron edge 




690 


Rotation position (3-D) for first point 




692 


Rotation position (3-D) for second point 
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694 


Rotation position (3-D) for third point 
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Rotation position (3-D) for fourth point 
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Rotation path for fourth point 
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Tetrahedron connecting rotated points 




702 


A Cube 


FIG. 66 
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706 
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Intermediate dodeca vertex 


FIG. 67-68 
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Top of top pentagon image (Z) 
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FIG. 69 
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A lens 




716 


Lens male mount 
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Female mount 
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Camera 




730 


Rigid shell 
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FIG. 70 
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A camera lens 
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A camera 
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Camera array mount 
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Camera operator 
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Equipment e.g. camera control 
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Base support 
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Camera mount platform 


FIG. 75 
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A wheeled conveyance (e.g. a wheelchair) 
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814 


Second level of equipment (power) 
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FIG. 77 
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FIG. 78 
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Scan lines after multiplexing 




840 
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FIG. 79 
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First source image input 
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First pentagonal central image area 




846 


Second source image input 
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Second pentagonal central image area 




850 


Genlock source 
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Codec proccsser 




854 


Line to first source 
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Line to second source 
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Position of first encoded pixel 


FIG. 81 
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Wide 9:16 aspect ratio image 




882 


Cropped pentagon from first source 




884 


Shifted center of first pentagon 




886 
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Distance of first shift 
Center of 9:16 image area 
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Cropped pentagon from second source 
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Shifted center of second pentagon 




894 


Distance of second shift 




896 


Rotation arount center 
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Adjacent diagonal edges 




900 


Outside region for third pentagon 


FIG. 82 


902 


Anamorphically squeezed 4:3 aspect ratio 
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Anamorphically squeezed first pentagon 
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Center of squeezed first pentagon 




908 


Anamorphically squeezed second pentagon 




910 


Center of squeezed second pentagon 
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Anamorphically squeezed outside third pentagon 


FIG. 83 
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Cropped top pentagon 
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Vertical line 
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Rotated top pentagon 


_ . 
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Shifted center (vertical) - _ _ _ . _ 
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Displayed screen 
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Vertical shift of center for second pentagon (above- horizon) 




930 


Above-horizon pentagon image 
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Left lateral shift of center (first pentagon) 
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Clockwise rotation of image 
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Vertical half clip of screen 
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Second adjacent above-horizon pentagon 




942 


Counter-clockwise rotation of image 




944 


Adjacent edges in center 


FIG. 85 
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Below-horizon pentagon image 
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Lateral shift for each 
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Adjacent second below- horizon pentagon 


FIG. 86 
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Diagonal division of displayed screen 
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Oblique shift of above horizon pentagon 
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Oblique shift of below horizon pentagon 
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Adjacent edges along diagonal division 


FIG. 87 
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Mask edge of uncorrected pentagon 
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Mask edge of optional image area 


FIG. 88 
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Area outside pentagon 


FIG. 89 
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Longitude line of gnomonic projection 
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Latitude line of gnomonic projection 
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Horizon line 




972 


Pentagon horizontal line 


FIG. 90 
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Border of ideal 4:3 image 
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Image from narrower field of view lens (3 mm) 
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Area not covered by narrower field of view 
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Uncorrected edge 
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Corrected bottom edge 




984 


Extended side edge 
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Area of adjacent pentagon 


FIG. 91 
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Minimal square area 
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Center of minimal square area 
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Extra area outside edge to facilitate blending 


FIG. 92 
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Equatorial cropping 
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Bottom area subtracted from equatorial cropping 




1000 


Masked area for minimum equatorial keystone 




1002 


Optional added area to extend keystone toward pole. 


FIG. 93 


1004 


Outer pentagon area top of right leaning 




1006 


Outer pentagon area bottom of right leaning 
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1008 


Outer pentagon area top of left leaning 




1010 


Outer pentagon area bottom of left leaning 


FIG. 94 


1012 


Extra image area on bottom of side X pents 
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Gap between side pents 




1016 


Gap between top and side pents 


FIG. 95 
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Straightened edge of double pentagon 
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Distorted edge of double pentagon 


FIG. 96 
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Barrel distorted grid 


FIG. 97 
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Generic double pentagon image 
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Circular lens image encompassing double pentagon 




1028 


Orientation of 4:3 ratio relative to double pentagon 




1030 


Rotation by 18° 




1032 


Rotation by 36° 




1034 


Rotation by 54° 




3036 


Edge parallel with top of screen 


FIG. 98 


1038 


Horizontal position 
Rotation by 18° 




1040 




1042 


Rotation by 36° 




1044 


Rotation by 54° 




1046 


Tilt by 90° (Vertical position) 


FIG. 99 


1048 


4:3 Aspect ratio 




1050 


Side obliquely tilted pentagon facets 




1052 


Above-horizon obliquely tilted pentagon facets 




1054 


Central obliquely tilted pentagon facet 


FIG. 100 
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Upper virtual pentagon facet 
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Lower virtual pentagon facet 
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Pentagon in ROI 




1062 


ROI position #1 
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ROI position #2 


FIG. 101 
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Top pentagon 
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Above-horizon pentagons 




1070 


Below-horizon pentagons 
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Bottom pentagon 


FIG. 102-3 
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Top edge of both A and Z 




1076 


Frame buffer 




" "1078 
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Below-horizon pentagons 


FIG. 104 


1082 


Border of intermediate cropping 




1084 


Border of essential square mask 


FIG. 105 


1086 


4:3 array of essential squares 


FIG. 106 


1088 


Lat. and Long, lines mapped according to Arno Peters proj. 




1090 


Side of pentagon 




1092 


Equatorial edge 




1094 


Top edge 


FIG. 107 


1096 


Anamorphically squeezed 4:3 pentagon image 




• 1098 


Reconstituted first pentagon 




1100 


Reconstituted second pentagon 




3102 


Reconstituted third pentagon 




1104 


Extra group of three from field or frame-alternate signal 


FIG. 108 


1106 


Composite 4:3 image containing 4 anamorphically squeezed 
sets of 2-3 pentagons each 




1108 


Second composite set for stereographic view 


FIG. 109 


1110 


Right eye portion of right leaning pents 




1112 


Left eye portion of right leaning pents 




1114 


Right eye portion of left leaning pents 




1316 


Left eye portion of left leaning pents 




1118 


Composite view in left eye 




1120 


Composite view in right eye 


FIG. 110 


1122 


Recording of spherical field of view 




1124 


Extended region below horizon 




1126 


Virtual viewpoint in center 




1128 


Observer in dome theater 




1130 


Observer outside translucent screen 


FIG. Ill 


1132 


Imaginary observer surrounded by spherical field of view 




1134 


Dodecahedral division of virtual view 


FIG. 112 


1136 


Receiver for composite dodeca image 




1138 


Codec for image separation 




1140 


Extracted pentagon information 




1142 


Selection of pentagon information 




1144 


Selected pentagon information 




1146 


Control signal for selection 




1148 


Viewer buffer 




1150 


Composite image 




1152 


Display buffer 




1154 


Displayed image 




1156 


Additional pentagon channels 


FIG. 113 


1158 


Avergae room ceiling 




1160 


Compact dodecahedral projector 




1162 


Projected image 
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1164 



Screen (above-horizon) module 



FIG. 114 

FIG. 115 

FIG. 116 

FIG. 117 

FIG. 118 
FIG. 119 

FIG. 120 
FIG. 121 

FIG. 122 

FIG. 123 
FIG. 124 



1166 Support frame 

1168 Apparent field of view (1-2 pentagons) 

1170 Observer (standing) 

1172 Do decahedral camera 

1174 Separate location from dome 

1176 Subject being recorded by camera 

1178 Transmission means for camera signals 

1180 Transmission lines for camera signals 

1182 Top screen module 

1184 Support frame for top screen 

1186 Apparent field of view (3-4 pentagons) 

1188 Seated observer 

1190 Optional added support 

1192 Additional above-horizon screen 

1194 Support frame for additional screen 

1196 Apparent field of view (5-6 pentagons) 

1198 Central pentagon plate (2) 

1200 Another pentagon plate attached to it by flanged hinge (B) 

1202 Slide mount on plate 

1204 Slide 

1206 Beveled plate edge 

1208 Pentagonal image concentric with face center 

1210 Adjacent plate (A) 

1212 Distance to contact of bevels 

1214 Pull pin 

1216 Registration notch 

1218 Semi- isolated top plate 

1220 Adjoining above- horizon hinged edge 

1222 Right point to center 

1224 Left point to center 

1226 Center tips 

1228 Inner Spherical enclosure - single pentagon projector 

1230 Outer Spherical enclosure - single pentagon projector 

1232_ Light source 

1234 Manipulator pin for array" 

1236 Additional outside be low- horizon plate 

1238 Below- horizon image 

1240 Edge of plate 

1242 Corresponding edge 

1244 First shifted plate (for 2 on 1) 

1246 Second shifted plate (for 2 on 1) 

1248 Central plate of double-pent slide (X-H) 

1250 Hinged plate for upper slide 

1252 Upper slide 

1254 Upper double pentagon image with extra 

1256 Lower slide plate #1 

1258 Lower slide plate #2 

1260 Registration notch 

1262 First cross section 

1264 Second cross section 

1266 Registration pin 

1268 Central light source 

1270 Support for slides in folded position 

1272 Manipulation pin 

1274 Manipulator claw 

1276 Flattened slide mount 

1278 Magazine for multiple slide mounts 

1280 Direction of travel for slides 

1282 Lower curved support 

1284 Upper curved guide 

1286 Outer shell 

1288 LCD projection module 

1290 Beveled edge of module 

1292 Projection lens 

1294 Lens mount 

1296 Pentagonal image area 

1298 LCD panel 

1300 Outside image area 

1302 Active image area of LCD 

1304 Single pentagon field of view 

1306 Adjacent module 

1308 Central light source 

1310 Condenser lens 

1312 Opaque side walls 

1314 Central compact dodecahedral projector 

1316 Spaces between projected images 

1318 Concentric spherical projection screen 

1320 Seams between images 
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LIST OF PARTS-continued 





1322 


Support member 




1324 


Cables for signals, air, and light 


FIG. 125 


1326 


Support legs for projector array 




1328 


Extensions of legs to central light source 


FIG. 126 


1330 


Projector symbolized as a dodecahedron 




1332 


Dodecahedral division of projected screen image 


FIG. 127 


1334 


Fiber optic illumination cables 


FIG. 128 


1336 


Extensions of support legs along pentagonal vertices 


FIG. 129 


1338 


Projection field of view 




1340 


Side walls of module 




1342 


Video and power inputs 




1344 


Fiber optic illumination cable 




1346 


Beam spreader 


FIG. 130 


1348 


Junction box 




1350 


Optional condenser lenses 




1352 


Main illumination cable 




1354 


Illumination source 




1356 


Mirror 




1358 


Housing 




1360 


Filter 


FIG. 131 


1362 


Light source for DMD 




1364 


Condenser lens 




1366 


RGB wheel or filter 




1368 


Lens 




1370 


Oblique light path 




1372 


Digital Multimirror Device 




1374 


Supporting PC board 




1376 


Associated electronics 




1378 


Attachment between boards 




1380 


Surface outline of module 


FIG. 132 


1382 


Projector 




1384 


Projector lens 




1386 


Projection axis 




1388 


Center between two pentagons 




-1390 


Support column in blind spot 




1392 


Concentric projection surface 




1394 


Phosphor screen 




1396 


Floor support 


FIG. 133 


1398 


Dome projection surface 




1400 


Outer shell 




1402 






1404 


Viewer 




1406 


Peripheral projector 




1408 


Above - horizon axis 




1410 


Center of dome sphere 




1412 






1414 


Projector under floor 




1416 


Mirror 




1418 


Service area 


FIG. 134 


1420 


IHmI lofntinn fnr nrniwtnr 




1422 


Common position at usual throw distance 




1424 


[ntnnsdiate position for vertical projector 




1426 


Projected single pentagon 




1428 


Offset optical axis 




1430 


Offset position of peripheral projector 




1432 


Position of projector at farther throw distance 




1434 


Mirror for periphery 




1436 


New position of peripheral projector 




1438 


New lower limit of projection 


FIG 135 


1440 


rCIlUUCJal UIUJC^IUI L\Jl WJU 




1442 


Central mirror 




1444 


Ptt*i Af*r/>r rnr qi Hi* 




1446 


Mirror for side 


FIG. 136 


1448 


Ceiling 




1450 


Anchor platform 




1452 


Suspension strut and pulley attached to motorized reel 




1454 


Cable 




1456 


Inner strut and cable 




1458 


Outer support for screen 




1460 


Inner screen surface 


FIG. 137 


1462 


Rigid suspension member 




1464 


Flanges 




1466 


Screen panel 




1468 


Limited - travel hinge 




1470 


Back-surface hinge 




1472 


Direction of travel when opening 




1474 


Front - surface hinge 




1476 


Cable anchor point 




1478 


Flattened pair of panels for stacking 
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LIST OF PARTS-continued 





1480 


Spherical curviturc of extended panels 


FIG. 138 


1482 


Six constituent geodesic edge lengths 




1484 


Large triangle 




1486 


Medium triangle 




1488 


Small triangle 




1490 


Edge of dodeca face 




1492 


Center of top of dome 




1494 


Fixed section of curtain section 




1496 


Other curtain sections 




1498 


Inter - triangle boundaries (limited hinges) 




1500 


Gore paths between strips 




1502 


Front surface hinge 




1504 


Back surface hinge 




1506 


Cable anchor point at bottom 


FIG. 139-^K) 


1508 


Long strut 




1510 


Medium strut 




1512 


Short strut 




1514 


Center hub (large) 




1516 


Vertex hub (med.) 




1518 


Edge hub (small) 




1520 


Dome framework 


FIG. 141 


1522 


Four pentagonal projectors 




1524 


Four pentagon screen 


FIG. 142 


1526 


Assembled three pentagon screen 




1528 


Vertical support struts 


FIG. 143 


1530 


Screen panel 




1532 


Screen panel attached to strut 




1534 


Long strut in middle 




1536 


Short or medium strut on side 




1538 


Speaker in back of panel 


FIG. 144 


1540 


Outline of screen section 




1542 


Cross - section of section 


FIG. 145 


1544 


Velcro strips on outside edge 




1546 


Velcro strips in center edge 




1548 


Small speaker 




1540 


Large speaker - ------ 




1542 


Clamps to attach speakers to frame 



DETAILED DESCRIPTION OF THE 
INVENTION 

INTRODUCTION TO THE DODECAHEDRON 

The use of the pentagonal dodecahedron, as shown in 40 
FIG. 1 at 2, allows the construction of an imaging system 
featuring standardized component parts. This dodecahedron 
has a center 4, a nd is divided into twelve equal pentagonal 
faces, the center of one of which is shown at 6. These faces 
are separated by dodecahedron edges, the center of one of 45 
which is shown at 8. Three edges meet at a dodecahedron 
vertex, such as at 10, which is also the intersection point of 
three dodecahedron faces. 

In FIG. 2 is shown how a dodecahedron 2 can be projected 
onto a concentric sphere 12, which can represent a concen- 50 
trie spherical field of view. The pole point of the dodeca- 
hedron 14 is shown here in the center of the topmost face. 
The projected center of a face 6 is carried out onto the 
concentric sphere to form the center 16 of a spherically- 
curved projected pentagon. The center of the dodecahedron 55 
edge 8 corresponds to a projected edge center 18, and the 
dodecahedron vertex 10 corresponds to the projected vertex 
20. The polar axis for the projection of the pole point is 
shown at 22 for its upper part and at 24 for its lower part. The 
projection axis for the face center is shown at 26, for the 60 
edge center at 28, and for the vertex at 30. 

FIG. 3 shows a cross section of a quarter dodecahedron 
with in a concentric sphere, showing its component angles 
and length ratios. Note the shape 32 of the dodecahedron 
cross section, A quarter section of this cross section repre- 65 
sents a bisection of a pentagonal face, as shown at 34. The 
projected version of this face onto a concentric sphere 12 is 



shown at 36, The insphere radius 38 represents the distance 
from the center of the dodecahedron 4 to the center 6 of the 
dodecahedron face 34. The intersphere radius 40 represents 
the distance from the center of the dodecahedron to the 
center of one of its edges, and the circumsphere radius 42 
represents the distance to each vertex of the dodecahedron, 
which here is also the radius of the concentric sphere 12. 

FIG. 4 shows a top view of a dodecahedron, summarizing 
the various alignment points used by the dodecahedral 
formats to be described in more detail in the rest of this 
application. In addition to the single-pentagon alignment 
which is centered on the center 6 of a single face, this 
diagram shows the alignment points for double and triple- 
pentagon formats. At 44 is a target reference point for double 
pentagon alignments, which is centered on a pentagon edge 
and covers the two adjacent pentagons. Three other align- 
ments of double-pentagon formats relative to this sample 
edge alignment point are shown. 

The first double pentagon format can be called the X 
Format. For a hemispherical view, the target point 44 
stands for the alignment point of the double pentagon 
that encompasses the top pentagon and one of the side 
pentagons. Then the center of the first X-format 
(Hemispherical mode or X-H) horizontal dual- 
pentagon image is shown at 46, and the center of the 
second X-H horizontal dual pentagon is shown at 48. 
An indication of the width of the double-pentagon 
image, pointing to its two constituent parts, is shown at 
50 for X-H 1 and at 52 for the reference point, 
A second double pentagon format is the panoramic or P 
format. The center of the double pentagon image rela- 
tive to the target point is at 54 for an offiset P-format 
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double pentagon #1 in what is called a "left leaning" 
configuration; its width indication is at 56. Another 
type of P- Form at double pentagon, the "right-leaning," 
is shown at 58, with the width line at 60. Note that it 
overlaps one of the pentagons of the double pentagon 5 
target point. A second offset P-format right leaning 
double pentagon target reference point is at 62. 
A third type of double-pentagon format is the octahedral 
or O-format, which has a different centering edge at 66, 
with the width indication at 68, relative to the original 10 
target point 44. For stereoscopic imaging in this format, 
a rotation of the target point 70 to a new edge center at 
72 is done, to give a stereoscopically overlapping field 
of view. 

A final type of pentagonal imaging format is the triple- 15 
pentagon system, wherein each imager cover the image area 
of three pentagons, centered on a dodecahedral vertex such 
as the target vertex shown at 74. Relative to this target, a first 
offset triple-pentagon vertex is shown at 76 and a second 
offset vertex is shown at 78, for the production of non- 20 
overlapping triple-pentagon views. A triple pentagon format, 
the T format, based on dodecahedral alignment using the 
tetrahedron, will be described. 

These various single, double and triple-pentagon formats 
will be discussed in turn, along with means for the.produc- 25 
tion of images in these formats. 

IMAGING MEANS 

SINGLE-PENTAGON IMAGES 

30 

The single -pentagon configuration is the most simple and 
straightforward expression of the Dodeca System of dodeca- 
hedral photography and projection. Here each camera and 
projector covers an area of a surrounding spherical field of 
view corresponding to one face of a concentric pentagonal 35 
dodecahedron. Thus, by adding together these separate 
single-pentagon images, a larger and larger overall image 
can be achieved, up to a complete sphere. The single- 
pentagon format requires at least a circular lens field of view 
approximately equal to 74.755°. This is within the common 40 
range for wide-angle lenses with a relatively distortion-free 
or rectilinear image. However, most standard lenses are 
designed for cameras and projectors that utilize a rectangular 
image that extends outside of the central pentagonal area. 
Therefore some form of cropping must be done prior to its 45 
final display. 

FIG. 5 shows a centered single -pentagon image shown 
within a common video aspect ratio, with an indication of 
the optical characteristics of a common single -pentagon 
lens. This represents the active display lines of the video 50 
image, excluding the overscan areas and the blanking inter- 
val. The center of the recorded pentagon image is shown at 
80, which also represents the center of the recorded overall 
image, shown here as a 4:3 aspect ratio image whose border 
is at 82. This aspect ratio is characteristic of broadcast video 55 
formats such as NTSC and PAL video, as well as other 
computer video formats such as VGA and SVGA. It is also 
the common format for still -image film photography. The 
central pentagon is bounded by the central circle 84 whose 
top and bottom touch the top and bottom of the frame, and 60 
which represents an approximately 75° angle of view. 
Within this circle is the pentagon, whose straight edge is 
shown at 86. Although the straight edge is preferred, because 
of the common optical distortion found in most lenses, this 
pentagon edge, which corresponds to a pentagonal division 65 
of a concentric spherical field of view, will often be photo- 
graphed as a curved line, which is shown at 88. Given an 
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orientation of the dodecahedron where one face is straight 
up, the equatorial or horizon plane bisects the dodecahedron 
into five above-horizon views and five below-horizon views, 
plus the top and bottom polar views. For the above-horizon 
views, the photographed horizon would fall along a line at 
90 that bisects the bottom pentagon point. Therefore such an 
above-horizon single pentagon view would extend some- 
what below the horizon as well. For a below-horizon view, 
this illustration would be upside-down, with the pentagon 
point on top, and the horizon line bisecting it. 

In such a rectangular image, there is a recorded picture 
area outside of the central pentagon as well. An extension of 
the side pentagon edges, corresponding to lines of longitude 
in the surrounding spherical field of view, is shown in their 
distorted form at 92, and in their ideal straightened form at 
94. These extended lines enclose an optional outside image 
area 96 on either side of the lower pentagon point which, if 
it is added to the central pentagon, will make for an overall 
keystone-shaped cropped image. 

The pentagon boundary here and elsewhere will be shown 
as a hard edge. However, it will be well understood by those 
versed in the art that to enable blending of the pentagonal 
images when they are displayed adjacent to each other, the 
pentagon edge should represent the center of a soft-edge 
transition zone, of whatever width may be desirable. 
Metavision, Inc., of North Hollywood Calif., and Seos 
Technologies of Surrey, England, for example, have dem- 
onstrated means of giving video images soft edges so they 
can be displayed side by side so as to form an apparently 
continuous image. 

SUCCESSIVE PHOTOGRAPHY 

The simplest method of photographing multiple single- 
pentagon views is to photograph them in succession, using 
a single still-frame camera such as a Nikon or Canon 35 mm 
single-lens reflex film camera, with a wide-angle lens such 
as the Nikkor or Tegea rectilinear 15 mm lens, which has a 
135-degree rectilinear angle of view. This, however, 
includes an extraneous image area because it extends to the 
corners of the usual rectangular format for 35 mm film 
photography. Successive shots could also be taken with a 35 
mm or 16 mm movie camera driven by a time -lapse motor 
and a scaled -down lens appropriate to the size of the 
recorded rectangular film image. Since only the central 
circle need be recorded, an option is to use a lens made for 
another format, such as an 8 mm lens on a 16 mm film 
camera, using the appropriate lens adapter. With this 
approach, there may be vignetting and poor image quality at 
the comers of the rectangular recorded image, but since 
these are outside of the essential pentagon area they can 
safely be ignored. 

A better basic format, more closely matching the shape of 
the essential pentagon, is a square, such as is used for 
medium-format, 2.25-inch photography, Hasselblad, which 
uses this format, has a specially-built panoramic camera 
with a 38 mm lens with a 90-degree diagonal field of view, 
which is nearly wide enough to cover a complete pentagon. 

Digital still cameras have also been introduced which can 
capture images directly to video formats at various resolu- 
tions. The Canon RC570, for example, photographs still 
images at an NTSC video resolution of 450 lines, while the 
Kodak DCS200 photographs directly to a digital form 
through a 1000x1500 pixel Charge-Coupled Device (CCD), 
using regular 35 mm photography lenses. There are also 
camera backs available to convert existing professional still 
camera formats to digital imaging, such as the 2000x2000 
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pixel resolution Leaf Digital Camera Back for Hasselblad 
cameras and the 5000x5850 pixel resolution Rollei Digital 
Scan Back for Rollei 6008 and other 4x5 format cameras. 

FIG. 6 shows a schematic view of sequential photography 
of single-pentagon images, with the pentagons flattened and 
exploded for greater clarity. This procedure will be 
described, for convenience's sake, assuming an orientation 
with the central pentagon directly overhead. First, one shot 
of this overhead pentagon is taken pointing straight up, 
according to its center 98. As in the earlier patent, this will 
be called the Z (for Zenith) pentagon. Then the camera's 
optical axis is lowered to an elevation of approximately 
26.565054° above the horizon and rotated 36° to take a shot 
of the D pentagon (for convenience and consistency, the 
pentagons will be identified as in FIG. 13 of the earlier 
patent). Then, while maintaining the same elevation, the 
camera is rotated 72° along this path shown at 100 and a 
views are taken of the E, A, B and C pentagons, thereby 
capturing images corresponding to all five dodecahedral 
pentagon facets above the horizon. These, plus the zenith 
shot overhead, form the six images equivalent to the upper 
hemispherical view. If desired, the camera can then be 
rotated a further 36° while lowering it to an elevation of 
-26.565034° below the horizon, and five more shots made 
of the I, J, F, G, and H pentagons, rotating the optical axis 
72° between each to the positions along the path 102, to 
capture almost all of a spherical view in eleven pentagons, 
before a final rotation of 72° and an elevation of 
116.565034° brings the camera back to the starting point. 
(The shot directly down is usually precluded by the tripod or 
base support, although if this impediment is removed, a final 
shot in that direction of the N or Nadir pentagon can also be 
made.) In this example, the tripod head base is held abso- 
lutely flat. 

With a motorized motion -control camera head, this pro- 
cedure can be automated, and any desired number of single- 
pentagon views can be snapped off in succession with 
greater speed and accuracy. The Z-D-E-A-B-C-I-J-F-G-H 
sequence has the advantage of always moving in small 
increments in a clockwise direction, and not requiring more 
than two axes of motion at a time from the camera mount. 
The shots could also be taken in an order other than the one 
described here. Another effective sequence includes ten 
views zigzagging above and below the horizon. 

To eliminate parallax differences between the views, the 
nodal point of the camera lens should be kept at a central 
intersection point. FIG. 7 A shows a simple mounting bar for 
a still camera, for manual successive single-pentagon and 
regular panoramic photography with rotation around a nodal 
point. At 104 is a pentagonal angle of view as projected onto 
a sphere, with 106 showing a boundary of this lens angle of 
view. The horizon plane is at 108. At 110 is a still camera 
attached to the mount, such as the film or electronic cameras 
mentioned above. The still camera and the mount should be 
mounted on a moveable tripod head shown at 112, such as 
the Gitzo 370 or 372 tripod head, mounted on a stable tripod 
base such as from the Gitzo 300 series, or a panoramic head 
showing exact rotations in degrees. 

The mount comprises a bar with several flat planes 
suitable for attachment to the tripod base. Each of these fiat 
planes defines one of the desirable alignments for the 
successive photography. At 114 is the flat position for the 
first vertical shot of the Z pentagon. After this is done, the 
mount is rotated to a second position as is shown in FIG. 7B 
and attached by the second flat position 116 for above - 
horizon shots, according to an axis 118 elevated above the 
horizon of approximately 26.566°. And rotation around the 



U,034 

38 

vertical polar axis 120, so that the center of rotation 122 
matches the nodal point of the lens. At 124 is the fiat position 
for the below-horizon views, as is shwon in FIG. 7C, 
according to an axis 126 with a declination of approximately 

5 26.566°. Once again the nodal point of the lens 128 matches 
the center of rotation. 

FIG. 8 shows a side view of this mount in an alternate 
version including provision for regular panoramic 
photography, showing components for a quick-release tripod 

10 mount. To increase the utility of this mount, an extra plane 
of attachment for conventional horizontal panoramic pho- 
tography has been added between the second and third 
attachment planes, representing those for the above- and 
below-horizon pentagons, respectively. A quick-release 

15 female mount such as the Bogen Quik-lok is shown at, 130, 
and its respective male mounts, are attached to the attach- 
ment planes of the mount, as shown at 132, 134, and 136 for 
the single pentagon mounts, and 138 for conventional hori- 
zontal panoramic photography, according to a horizontal 

20 optical axis 140. 

FIG. 9A and FIG. 9B show shows an apparatus for 
automatic sequential photography by means of a motion- 
control mount. Here we see front and side views 
respectively, of a motorized motion control version of a 

25 single-pentagon sequential photography mount with rotation 
around a nodal point. Here again the rotation is around the 
nodal point 122 of the lens 128 of the camera 110. The 
camera is mounted on an L-shaped support, according to a 
lateral distance 142 between the camera optical center (here 

30 corresponding to the mount center) and the side portion of 
this tilting camera support 146. The distance from the 
camera mount to the optical center plane is shown at 144. In 
the side view, FIG. 9B, the forward distance from the nodal 
point to the camera mount center is shown at 148. Here the 

35 camera 110 is held horizontal so it has a horizontal optical 
axis 140. Returning to the front view, the base support for 
the tilting camera support is shown at 150, which rotates 
relative to a fixed base 152 by means of a rotary motor 154 
driving gears or other appropriate means to create accurate, 

40 repeatable rotary motion. A similar rotary motor 158 is used 
in combination with gears or other means 160 to rotate the 
tilting camera support around a tilting axis 162 which also 
intersects the center of rotation 122. 

FIG. 10 shows side views of this mount showing the 

45 characteristic orientations of the camera and its optical axis 
for the vertical view 22, and for above-horizon 118 and 
below-horizon 126 views. In the preferred embodiment, a 
cable-driven motion control apparatus, such as those made 
by Sagebrush Technologies of Albuquerque, N.Mex., would 

50 be used, because of their smoothness, speed, accuracy, and 
repeatability. If a film camera is used, a motor drive added 
to the camera can advance the film while the motion control 
rig is repositioning the camera for the next shot. If a pause 
control is added before the picture is taken, then the cam- 

55 eraperson can make sure that they are not in the shot. 

FIG. 11 shows a top view of an offsetting motion control 
mount for the camera in the above mount, allowing the 
production of stereoscopically offset views. With this 
apparatus, each single-pentagon view is photographed 

60 twice, with the camera displaced equidistantly from a central 
nodal point 122 for a total distance 164 so the two images 
will form a stereo pair; an optimum displacement would be 
akin to the distance between human eyes, or approximately 
6 cm. The displaced camera axes should be aligned to 

65 converge at a central point of the pentagon view at a given 
distance. The optical axis for the displaced view to the right 
is shown at 166, and the displace position of the camera at 
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168 as mounted on its plate 170, which is movable back and straight up towards the zenith view, the vertical camera 

forth by a separate motion control mechanism, involving a mount plate 196 is attached to the underside of the base plate 

track 172, a worm gear 174 and a motor 176. All of these on a right-angle flange 198, and includes mount hole 200 for 

elements can be attached to the original camera tilting the camera and for the alignment pin 202. A tripod mount 

support 146. The displaced position of the camera to the 5 Dole 204 is located in the base plate approximately midway 

right is shown at 178. between the camera mount plates. 

The advantage of successive still photography is its FIG. 13 shows a side cross section view of this mount for 

simplicity and low cost, which makes it suitable for simple mu ^ le such as the above-horizon camcorder 

. -n. j- j ■ * c u at 206 and the vertical camcorder at 208. Here a bolt for 

panoramic surveys. The disadvantages of this approach are . .. . i . , 

Tu a f ♦ r * *if • , f in mounting the camera is shown at 210 in the exploded cross 

the danger of me xact alignment as the camera is moved from 10 s . - . , , * ■ * 

... . ... j.i $ . it . . , . section view of the above-horizon plate 194 and vertical 

position to position, and the fact that the whole procedure . , . . r t . , 

f . f . a * ... ■ iU „ u rtf v, j camera mount plate 196 and their attachment to the base 

takes time, so that any movement in the photographed scene . 4 ^ OA T r , l4 . , , , 

.« , , t . , , ' * „ * u l *u a e *u Plate 184. Long bolts 212 can serve to attach both the 

will lead to at least some mismatches alone the edges of the , , , , 

. . . # , , ** v* vertical plate tor the Z camera and the above-honzon plate 

successive views, as the subject matter changes its position r *i_ * iiLL i ^ . . . • 

. , r™. J . c .. » i § i • -« c tor the A camera to the base plate. The other above-honzon 

between exposures. This amount of time required for this 15 . . . „ , , , tl _ , , , , T 

procedure also precludes its use for photographing full plate 15 a,ta ' hed , to * e base P late alone i ; In f 10 , 12 ' lf 194 

motion, such as with video cameras. To achieve better ^presents the plate for the A camera, then the Z camera is 

.« . u* f.u f ** i* underneath it, and the other camera mount holes 186 and 188 

matching of the components of a scene in motion, simuita- . . • . c L ir . , 

*u #u • u * u i. i ^ u j io the nent are for the h camera. It the A and Z cameras are 

neous rather than successive photography should be used. , J 4 4L . ^ , , , auu ^wmv ooan, 

20 mounte o lo this part of the curved base plate instead, then 

SIMULTANEOUS PHOTOGRAPHY be tne mounl P late f° r tne ^ camera. Using this 

mount, the various cameras' optical axes, such as the 

For the construction of a camera array for simultaneous vertical axis at 22, and above-horizon axis at 118, meet at a 

photography, several arrangements can be used. Since the central point 180, and the cameras serve to cover three 

multiple cameras in this array cannot all occupy the space 25 pentagonal sections of an overall spherical field of view 12. 

where the central nodal point is, they must be spaced around For the projection of this image onto a curved screen, it will 

it. Therefore, to minimize parallax differences between the be obvious to one skilled in the art that a simple reversal of 

various views, it is important that the multiple cameras be the use of this mount, with projectors so aligned, will 

small in size. Motion picture film cameras could be used in reproduce these components of the photographed view so 

a clustered single -pentagon array, such as the small 16 mm 30 that they go together. 

film cameras madefy Bell & Howell or Bolex, or even 8 if mor e than four views need to be covered at once, a 
mm film cameras. However, to allow for ease of different arrangement is preferred which feature outward- 
synchronization, and the use of an even smaller camera size, facing lenses. FIG. 14 shows a simple single-pentagon 
video cameras are preferred, as will be described in more optical mount suitable for simultaneous photography of a 
detail here. 35 hemispherical area by means of the rigid alignment of 
The first described arrangement is where the cameras or support elements bolted to a base plate. Because projectors 
projectors do not point outward, but inward, so that their projecting these images would use the same alignment 
optical axes cross at the central point of the dodecahedron. angles as their respective cameras, this also represents a 
The advantage of this arrangement is that it allows for large mount for multiple projectors. Because of this complemen- 
cameras or projectors to be used, because their size is free 4 o tarity of alignments for cameras and projectors, the align- 
to extend backwards, away from the lenses and the central ment structures described here will be called "optical 
intersection point. The limiting factor is mostly how closely mounts," since they can be used to support such optical 
the fronts of the lenses can be clustered together, and the fact devices as cameras or projectors. 

that more than four cannot be used, because beyond that An oblique view of the assembled mount is shown in FIG. 

number, the fields of view of the lenses start to interfere with 45 14A, and the individual components are shown in FIG, 14B. 

each other. For example, with four cameras covering four The baseplate for this basic multiple mount, which is parallel 

adjacent pentagons, such as the top pentagon and three to the dodecahedral equatorial plane, is at 214, and the bent 

above-horizon views, the cameras become visible at the element for the mounting of an above-horizon optical device 

sides of the two side pentagons. Three cameras or projectors is at 216, and shown reversed at 218 for a below-horizon 

together is preferred, because there is almost no interference. 50 optical device. The mount for the Z optical device pointing 

FIG. 12 shows a top view of the components of an to the zenith pentagon is shown at 220. All of these supports 

inward-facing mount to align three cameras to cover three have at least one hole for attaching a camera or projector by 

pentagon views. Here the cameras are common video means such as the bolts shown here. The supports should be 

camcorders, such as the Sony TR-500 Hi8 camcorder, with constructed so that all of the optical axes of the cameras or 

a Sager 0.42 wide-angle adapter added to the lens to widen 55 projectors meet at a central point, and all of the image planes 

its view out to encompass a single pentagon. The intersec- of the cameras or projectors are equidistant from this point, 

tion point of the inwara 1 — pointing optical axes is shown at The mounts shown here assume that the mount hole for the 

180; the axes of the two above -horizon pentagon views are optical device is in line with its optical axes; if it is offset, 

offset by an angle 182 of 72°. The camcorders are mounted such as can be seen for the camera mount plates in FIG. 12, 

onto a curved base plate 184, according to bolt holes 186 and 60 then the mount holes shown here can be used to attach other 

188 for attaching camera mount plates, each of which plates which include the offset actual optical device mount, 

includes a screw mount hole 190 for the camcorder itself, FIG. 15A shows a cross section of the above mount and 

such as a common Ya screw mount, and a registration hole FIG. 15B shows cameras mounted to it. The vertical camera 

192 for the camera alignment pin. The camera mount plate is at 222. The other cameras are attached to above-and 

194 for the above-horizon cameras has a bend in it at an 65 below-horizon mounts which are bent by an angle 224 of 

angle of approximately 26.56° relative to the base plate, to approximately 26.56° relative to the dodecahedral equatorial 

point the camera upward. For the Z camera, which points plane. The above-horizon camera 226 has this bend go up; 
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the below-horizon camera 228 has the bend go down. For 
multiple cameras, the base plate can be further attached to a 
rigid support such as a tripod 112 by means such as a central 
hole for at least one bolt at 230. Mounting bolts for the main 
ring of optical elements are shown at 232. 5 

FIG. 16 shows a variation of this multiple mount, a simple 
single-pentagon optical mount for simultaneous coverage of 
a hemispherical image by bolting the support elements to 
each other. The base plate for this alternate multiple mount 
is at 234, with the central mount hole at 236. A vertical iQ 
mount element is at 238, showing the vertical mount bolt 
holes 240 and vertical mount flange plates 242. At 244 is a 
typical support element for the ring of five pentagons above 
the horizon. This element can be bolted to other such support 
elements by attachment means such as bolts through the side 15 
flange 246, and includes a tilted mount plane 248 which 
includes a main optical device mount hole. The mount plane 
and mount hole for the vertical support element is at 250. 
Note that the vertical support element can be attached to the 
flanges of the horizontal support elements. The composite 2 o 
support structure thus formed can either be attached to a 
stable base such as a tripod, or carried as a portable camera 
mount that will keep its respective cameras locked to the 
proper dodecahedral angles. Thus a desired plurality of 
cameras can be locked together through these support ele- 2 5 
ments to form a properly aligned unit. 

FIG. 17 shows a side view of the above mount, with 
cameras mounted for coverage of a hemispherical image. 
The vertical or Z camera is at 222, with an optical axis at 22, 
and an above-horizon camera is at 226, with an optical axis 30 
at 118. 

FIG. 18 shows how the use of miniaturized video board 
cameras allows for another type of optical mount which is 
more directly dodecahedral in shape. Here we see a cross 
section of a modular facet mount for the alignment of 35 
miniature board cameras for simultaneous single -pentagon 
coverage of a spherical field of view. A generic camera 
optical axis is at 258. The opening for the camera's angle of 
view acts as a leas hood; to minimize radiometric distortion 
from bright light such as sunlight leaking sideways into the 40 
camera's angle of view, this opening should either closely 
match the rectangular image produced by the lens, as is 
usual with professional film and video cameras, or a more 
constricted circular or pentagonal opening that matches the 
final cropped shape of the image. Although this cuts off the 45 
corners of the recorded image, it minimizes the radiometric 
distortion effects. Such an opening is shown here, with the 
minimum angle of opening of approximately 31.72° at 260, 
which represents the distance to a straight pentagon edge. A 
generic single pentagon lens for the camera is shown at 262, 50 
which has a mount such as a C mount or a CS-mount. 
Although the C mount is more common and allows more 
off-the-shelf components to be used, the CS-mount is pre- 
ferred for compactness. A miniaturized video board camera 
is at 264, This board, which holds the imaging sensor such 55 
as a Charge-Coupled Device (CCD), can be a daughterboard 
to a larger image processing board found elsewhere. This is 
common for color cameras in particular. For the Chinon 
CX-062 camera, as shown here, this sensor board is attached 
by a ribbon cable to a camera control board, which can be 60 
located below the camera array, out of sight. The board 
camera is attached to a faceted dodecahedral mount plate 
266, which reproduces the shape of a pentagonal dodeca- 
hedral facet. This plate is attached to adjacent plates, by 
means such as bent flanges 268 which are bent by an angle 65 
at 270 of approximately 58.28° for the straight pentagon 
sides. The flanges are attached to those of adjacent plates by 



034 

42 

means such as bolts 272. The camera boards are attached to 
the plate itself by adjustable bolts at 274. The bolts can be 
varied in their length to allow final adjustment of the 
pointing direction of the camera so it will match the others 
in the dodecahedral array. This variation in length can be 
done by a threaded barrel 276 midway; the bottom half of 
the bolt is fixed to the to the camera board, usually by 
chemical glues, and the top half of the bolt, at 278 is fixed 
to this barrel, so that the barrel is also up snug against the 
backside of the plate. A turning of the outside head of the 
bolt 278, will thus act to turn the barrel, either drawing in or 
forcing away the bottom half of the bolt and its attached 
corner of the camera board, and thus changing its angle. 

On either side of the lens 262 is space 280 which can hold 
outboard electronics, such as processing electronics for the 
camera board. And on the outside is an outer covering 282 
which can also incorporate the lens hood surfaces 284. This 
outer covering and its associated lens hood can be removed 
if conditions such as even or dim lighting indicate that a lens 
hood is not necessary. If this outer covering has a round, 
shiny outer surface, 286, then people being photographed by 
this camera module can see, in the reflection from this 
surface, an analogue of what the final recorded picture will 
be, and can tell if they will be in the shot, and where the 
seams between the image segments will lie. This is impor- 
tant because, although this type of camera array is the most 
compact of all, there will still be a certain amount of parallax 
difference between the views, and it is best to keep critical 
parts of the image off the seams. 

This facet assembly has a shape which matches a face of 
a dodecahedron, as projected outward along planes 288 from 
a center point 4. 

FIG. 19 shows a top view of this facet mount 266, with 
mounting bolts 278 for the attachment of a CX-062 camera 
board 290, and bolt holes 272 in the side flanges for 
attachment to adjacent facet mounts. A large central hole 292 
allows the egress of the lens 262, and other holes 294 and 
openings at the corners allow access to the interior of the 
camera array after assembly. The central lens covers the 
CCD and its central pentagonal imaging area 296. The 
vertical axis of this pentagon, and of its associated image, is 
shown at 298. 

The most common small video cameras are usually made 
with CCD's, using video standards such as NTSC and PAL. 
The most popular sizes for CCD imagers for video cameras 
are %" (8.98x7.04 mm), W (6.4 mmx4.8 mm), W (4.8 
mmx3.6 mm) and W (3.6 mmx2.4 mm), A single-pentagon 
rectilinear lens with a field of view of at least 74.755°, 
sufficient to produce a single-pentagon view, would be a 
3.18306528 mm lens for a V4" CCD, and a 4.607717838 mm 
lens for a CCD. A common 4.8 mm lens on a W imager, 
yielding a 72.5 degree field of view, is very close. Other 
close fields of view are produced by the Fujinon 2.5 mm ] A" 
CS-mount lens, and the Chinon 3 mm W x CS-mount lens. In 
general, the optimal rectilinear focal length is approximately 
two-thirds of the height of the imager. In CCD's Sony 
recently announced a new family of progressive-scan CCD's 
such as the W color ICX074AK-6 and the l A n color 
ICX084AK, which effectively double vertical recorded 
video resolution. Recent advances in CMOS manufacturing 
techniques for digital imaging chips may enable such types 
of imagers to replace CCD's, which are partly analog, in the 
near future. 

FIG. 20 shows a perspective view of an assembled 
dodecahedral optical apparatus 300 such as a camera. This 
view does not include lens hoods to reduce radiometric 
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distortion. The assembled framework for the optical ele- VIEWING OF SINGLE-PENTAGON IMAGES 

meats such as cameras and lenses may be in separate facets, ^ s i n gi e -pentagon views may be projected onto a 

or it can be in other sections, such as fused groups of three, spherical screen, to recreate the spherical view of real life, 

four or six pentagons, for ease of alignment and assembly. 0r they can ^ ^ ^ multi le facets> either mro h the 

Thus each facet 302 can be individual, or part of a larger 5 use of photographic prints attached to each other, edge to 

§ r0U P- dodecahedral edge, or via electronic reproduction. For 

FIG. 21 shows a side view of a multifaceted dodecahedral example, a set of dodecahedral views could be presented, 

mount for multiple single-pentagon cameras, showing the five or six views at a time, via the Internet, to give an 

sound recording apparatus and the outboard electronic pro- incrementally turnable view of another location. If these 

cessor in an invisible area beneath the camera. The 10 views are arranged facing inward, then the illusion of real 

assembled apparatus, in this case a camera, is at 300, with life is especially strong for the viewer in the facets most 

the support shaft for the camera at 304, containing multiple directly facing the viewer, and less so on those that are 

directional microphones 306. If several directional stereo oblique. Despite any break in lines as the travel across the 

microphones are used, such as four directional microphones, edges, the overall continuity of the scene is strongly appar- 

then the multiple channels of sound can be recorded on a ent * 

separate synchronized recording machine such as an AD AT Up to this point, the photography of pentagonal images 

digital tape machine, for later use in postproduction, to has been discussed in terms of single -pentagon views. FIG. 

create the effect of panning the localized audio sources. This 23 shows a preferred single-pentagon image, with a concur- 

is especially useful in cases where the spherical images are rent center 80 within the common 4:3 video aspect ratio 82, 

viewed as a "virtual reality" application through a head- 2 o showing its circular perimeter 84, and straightened pentagon 

mounted display. In this method of viewing, it is important edge 86. 

that as the head shifts and the image shifts accordingly, that But if a different lens and aspect ratio is used, then a 
the apparent location of the audio sources shift as well. This dramatically different approach becomes possible: the 
can be done currently through Crystal River Engineering's double -pentagon view, where each camera or projector 
audio digital signal processing, or through Ambisonics™ 2 s covers two pentagonal views at once, 
recording and Lake Huron Audio's digital signal processing. miraT v DC v^ Ar . nM jw atcc 
An alternate form of surround sound with discrete channels DOUBLE-PENIAGON IMAGES 
is Dolby AC-3 sound, which is being used for the next The use of the double-pentagon format means that only 
generation of digital high-definition television. half of the number of cameras and recorders are required for 
In the completed recording array, there is space below the 30 capturing a spherical view. Thus, the recording, display and 
camera that will be invisible to it, because it falls in the distribution of spherical images can be greatly simplified, 
"blind spot" that would normally be covered by the twelfth And because each image is composed of two single 
pentagon. In this case below the camera 308 could be the pentagons, it is essentially compatible with a single- 
space devoted to electronic controls, such as audio and pentagon system. For example, a double-pentagon image 
camera control units. The outputs from the various cameras 35 can be divided between two single pentagon projectors, or 
and microphones 310 would best be served by recessed two sin S le pentagons can be combined to make a double 
right-angle plugs 312, to keep the cables and connectors pentagon image. 

from extending outward into any of the cameras' field of FIG. 24 shows the preferred double-pentagon image 
view, which is represented by a minimum angle 314 of within a wider rectangular aspect ratio at 326 of 9:16, close 
31.720 to the center of the lower pentagon edge, and 37,38° 40 to me aspect ratio of theatrical motion picture films, and 
as the angle 316 to the outer pentagon corner. The whole equal to the HDTV aspect ratio of 1:1.77 (9:16) used by 
array is attached via a base mount 320 to the overall support. most HDTV video systems. The concurrent center of the 
This mount can be rigid, as in a tripod mount, or it can be double-pentagon image 328 is also at the center of a dodeca- 
part of a flexible system, such as is made by SteadiCam™, hedral edge 330. The right pentagon 332 and the left 
that keeps the camera from moving unduly when it is in 4s pentagon 334 are here shown with a straight edge 336. The 
motion. size of the pentagons is determined by the same circle 84 
FIG. 22 shows a side view of an inverted embodiment 322 which touches the top and bottom edges of the aspect ratio, 
of the above dodecahedral camera, inverted by a suspension Note now the double-pentagon area represents an efficient 
mount 324. This alternate form of the camera is especially use of the wide aspect ratio area. The lens photographing 
useful for filming in situations where a conventional mount 50 su ch an image should have a width of view 32 of at least 
underneath the camera is impractical, such as part of a sports 138.19°, equal to the width of two pentagons. A round- 
event or concert where a tripod would block the movement number field of view of at least 140° is preferred, to allow 
of the performers. It would be better to suspend the camera f °r a margin of error. The image produced by a typical lens 
overhead, out of the way. This version of the camera also ^ circular, so if coverage can be made of the full diagonal 
allows one to look directly down, into the former blind spot. 55 oi the wide aspect ratio, using a width of view of approxi- 
In this case, the blind spot is moved to the top pentagon. This mately 180°, then extra image area can also be included 
can be very effective when the camera is suspended from an outside of the original dual pentagons to extend the recorded 
airplane or helicopter, especially if the plane or copter is kept area or for use in blending adjacent double-pentagon images 
invisible in this blind area. In this upside-down together. 

configuration, the cameras in their modules can be 60 This double-pentagon image can also be mapped onto a 

remounted on their facets in an inverted manner, relative to cube, because this shape too is compatible with a dodeca- 

the arrangement described above, or, if the camera array is hedron. The edge of a concentric cube is shown at 338 — note 

kept as before, then the recorded images would need to be that the cube face connects the upper and lower points of the 

inverted as part of the postproduction and playback process, pentagons together. This vertical cube edge also defines the 

with the exception of the camera facing straight down. This 65 minimum vertical angle of view of approximately 71°. 

is usually simpler than remounting the cameras, and pro- In addition to single-pentagon and double-pentagon 

duces a correct-reading picture. recording, triple-pentagon recording can also be done. FIG. 
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25 shows the preferred triple-pentagon image within a 
square aspect ratio whose border is at 344, as well as the 
common 4:3 video aspect ratio at 82. The center of the 
three-pentagon image 340 corresponds with a dodecahedron 
vertex. Around this center are the centers 342 of the indi- 
vidual triple pentagons. Each of these pentagons typically 
appears in a distorted form with a boundary at 346; image 
warping can then be used to separate them into more 
standard pentagon shapes 348 that are compatible with other 
forms of dodecahedral recording and display. This warping 
also acts to separate the pentagons along their original 
dividing line 350. There is also an optional outside image 
area 352 which can added on to the outer edges of the 
pentagons if desired. More will be described later about 
triple-pentagon systems. 

DOUBLE PENTAGON LENSES 

The photography and projection of double -pentagon 
images can be done by any suitable lens that can encompass 
a double pentagon view with a minimum of distortion, since 
any uncorrected distortion in the image, such as that caused 
by the barrel distortion of a typical fisheye lens, will cause 
visible discontinuities across the edges of adjacent dual- 
pentagon views. The 3.5 mm C-mount lens from Century 
Precision Optics is a good example of a typical extreme 
wide-angle lens. A preferred form of lens is called a recti- 
linear lens, and is based on a gnomonic projection of 
pentagonal facets onto a concentric sphere, so that the edges 
of the pentagons, shown in FIG. 1 at 40 which represent 
great-circle divisions of the sphere, will appear as straight 
lines. If they do not appear as straight lines, then further 
processing of the" image is necessary "in order to make 
straight edges on a two-dimensional screen surface that can 
be properly matched together to create a composite image. 
A rectilinear lens for the very wide field of view required for 
this application is near the state of the art, because of the 
limitations of spherical leens manufacture when the field of 
view is over 130°. To create a lens with a rectilinear field of 
view 140° across or more, there are six approaches. 

1. The construction of a glass lens with such a field of 
view, which is very difficult to do without chromatic or 
spherical aberration. The use of aspherical elements, 
such as are manufactured by Tinsley Laboratories of 
Richmond, Va., enables better performance in wide- 
angle optics than spherical elements. 

2. The application of counter-distortion, such as the 
counter-distortion of a video raster or CCD reading 
sequence described in the earlier Dodeca System patent 
as an electro-optical lens. This type of distortion can 
have the effect of giving the image more than one 
optical center, such as an optical center placed in the 
center of each pentagon of the dual-pentagon image. 
An alternate way to look at this type of counter- 
distortion is that it creates the effect of an image 
photographed with an ideal lens. This distortion can be 
applied either during or after any recording made by a 
conventional lens, and acts to augment and perfect the 
appearance of the recorded image. A detailed discus- 
sion of counter-distortion is found in "Correction of 
Geometrical Perceptual Distortions in Pictures" by 
Zorin and Barr, Computer Graphics Proceedings, SIG- 
GRAPH '95 Annual Conference series. 

3. The application of distortion to the light by means of 
binary optics. As detailed in "Binary Optics/' Scientific 
American, May 1992, binary optics is a method of 
etching very fine lines on a clear substance such as 
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silicon; such lines act to distort light, bending it like the 
refraction caused by passing through glass lenses. 
These lines can be arranged to provide forms of light 
distortion impossible to do by glass lenses, and have the 
added advantages of low manufacturing cost, light 
weight, small size, and freedom from the chromatic 
distortion of blue light characteristic of glass lenses. A 
composite glass-binary optic lens can produce the best 
overall results. 

4. Using stacked arrays of micro-optic lenses, such as the 
monolithic lenslet modules produced by Adaptive 
Optics Associates of Cambridge Mass, These very fine 
arrays of lenses, usually molded from optical epoxy, are 
usually matched to the component parts of a sensor, 
such as the pixels of a CCD. Stacking these lens arrays 
can yield increased performance in the sensors, and by 
applying them to curved substrates, or controlling the 
curvature of the lenslets across the array, unusual 
optical effects such as improved panoramic lenses can 
be produced. 

5. The production of a holographic lens. Since every 
hologram is a three-dimensional representation of light 
modulation, then a hologram of a lens can act as a lens 
itself. To produce a hologram of a lens, an actual lens 
is constructed with the desired characteristics of light 
modulation. Then a laser is split into two beams; one, 
the reference beam, shines directly onto the recording 
photographic film, while the other beam passes through 
the lens before falling onto the film. The manipulation 
of the modulated beam can also be done through 
computer control directed according to a simulated 
lens. The resulting photographic hologram is a pure 
reproduction of the modulation of light caused by the 
lens, and therefore will modulate any other light pass- 
ing through it the same way. Such holographic lenses 
would be flat, easy to produce, and inexpensive. Forms 
of holographic lenses are already in use in optical 
equipment such as head-mounted displays and in laser 
scanning devices. 

6. The last approach to the double -pent agon image is to 
use a panoramic camera with a rotating turret lens. 
Such cameras typically hold the film in a cylindrical 
fashion, and sequentially expose it through a moving 
slit in a rotating turret with a moderately wide angle 
lens. The result is a wide image with minimal distor- 
tion. While such cameras give good results for still 
photography, such an approach has proved too cum- 
bersome for motion picture photography and projec- 
tion. Examples of these still panoramic cameras are the 
Fujix GX617 Panorama Camera for 120 roll film, the 
Cyclops Mark IV and Panon Model 1500 for 70 mm 
still film, and the Panon Widelux for 35 mm photog- 
raphy. All of these have fields of view of the requisite 
138.19° for a double-pentagon image, and all but the 
Widelux also have the required height of view of at 
least 71°. 

NEW MEANS FOR DOUBLE PENTAGON 
FORMATS 

There are several ways of grouping dual-pentagon images 
for photography, recording and display. Three special new 
formats will be described here. Each uses a different com- 
bination of dodecahedral edges as the basic for image 
alignment. The use of a double-pentagon format means that 
only half the number of cameras are required for capturing 
a 2-D spherical view, as compared to a single -pentagon 
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system. Thus, the recording, display and distribution of called the X-Sphere (X-S) format. Aline 386 connecting the 

spherical images can be greatly simplified. And because centers of the two pentagons 388 and 390 is an easy way of 

each image is composed of two single pentagons, it is indicating the direction of the width of the recorded image 

essentially compatible with a single-pentagon system, since relative to the dodecahedral edge which lies at their center, 

the dual -pentagon image can be divided into its two penta- 5 For a hemispherical view (assuming that the zenith pentagon 

gon component parts. Such extra manipulation of images is straight up as usual), the horizon is shown here at 392 as 

produced by the present invention can be done later in a it is recorded by the first side dual pentagons, where it runs 

studio, so all that is needed in the field is the cameras and along the bottom of the recorded image, and at 394 as it 

recorders themselves. appears in the vertical pair, running along the left side. 

The first format has the advantage of even division into a 10 Below the side pentagons, as at 396 and at 398, and to the 

hemisphere, with three dual-pentagon views exactly cover- ^ °f me vertical pentagons at 400, is an optional image 

ing the hemisphere of six single-pentagons described above, area which can be included in the final displayed image, if 

and six dual-pentagon views encompassing a complete il is not covered by any other recorded pentagons, to extend 

spherical view of twelve pentagons. Because in this format lne overall field of view well below the horizon in every 

certain dual-pentagon views appear turned at a crossways 15 direction. 

angle relative to other dual -pentagon views, it will be FIG. 28A shows a top view of an optical mount for 

identified as the Xodox™ or "X" format. double -pentagon images in the X-H format, and a top view 

The second dual-pentagon format has almost all of the m F *G- 28B of a dodecahedron showing the edges used as 

dual-pentagon views appearing side by side, in a horizontal ils alignment points. The basic target point D on the dodeca- 

sequence like that found in multi-view panoramic cameras. 20 hedron 2 is at 54, representing the center of the edge used for 

Because of this resemblance, the second format will be the vertical pair, and the edges used for the two side pairs are 

identified as the Pentarama™ or p (Panoramic) format. It at 48 and 50 - T^se P oints correspond to points on the 

allows efficient recording of the greater part of a spherical optical mount which represent the optical centers of the 

field of view, and the use of overlapping fields of view optical elements, which can be either cameras or projectors, 

producing a 3-D stereoscopic image. 25 T° e assembled multifaceted X-H Mount is at 402, which is 

The third dual-pentagon format, the Octahedron or «0" made of mree characteristic types of facets, a triangular 

format, is based on the octahedron, and offers another way ™*> a trapezoidal facet 406 and a rectangular facet 

of recording a full-spherical 3-D image. * 08 - 7 1 *. °P ll u cal ^ found °° these rectangular 

facets, with the width of the recorded image extending 

X FORMAT 30 opposite to the width of the facet. The center for the side 

, , , • . . pentagons #2 is at 410, including an indication of the width 

FIG 26 shows an exploded perspective view of a . 0 f the recorded image, for the vertical pentagons at 412, and 

dodecahedron, showing the double pentagon sections and for the sjde pentagons #1 at 414t 

optical axes characteristic of the Xodox™ or X Format. „ T „ „ ft , , . . * . . 

Here the orientation is for the tilted X-Hemisphere (X-H) 35 FIG / 29 Sh ° W ? * schema,K cross secUon °f the abwe 

best suited for recording a hemisphere in three dual- °P»cal mount, showing *vo cross sections of the above 

pentagon segments. The center of the X-H vertical dual- C ^ !p l°^ l °^ 0U f,'^ aX1S 29A f' A \f°? al °° g 

' „,„„ * t.ka ,„hj, ot,„.„„ ;„ . k„m u„. „. i«a lhe axis 29B-29B in FIG. 28. The center of the dodecabe- 

pentagon group 354, which is shown in a bold line, is at 356. . ...... . r— j i- • . c 

Note how this includes the top pentagon, and has an optical dr ° n » f in b ° th v,ews at 4 ^ d ^ atl °, D 0 angle M f ? )m 

axis 358 through the center of the dodecahedron 4 to a 40 v f^l ^ "PP^ pentagons of 31.717473 is at 416. A 

corresponding dual-pentagon on the bottom. The other four P' ane orthogonal to the upper pentagons axis 418 represents 

pentagons inlhc upper hemisphere are in two groups along ' he s " rface on 1 ^ hl = h w " be m °"" ted °P Ucal e J°™nts 

the sides. The center of X-H side dual pentagons #1 is at 360, ^ or ^vertical dual pentagons 420 m th» mount The axis 

, , • , . , . t , ~e „ ~, i/co .u^ for the lower pentagons has a declination 424 of 58.282527 

which again corresponds to the center 01 a group 368 on the , 51 . & , , , , , . 

opposite side, and the center of X-H side pentagons #2 is at 45 85 m ^ \t b ° n f° n ° f 

362, corresponding to a center 364 along an axis 366 also same . - An orthogonal plane 426 to the optical 

throu h the center 4 axis 1S u mounting the imaging elements 428 for the 

„ . ' . . . , side pentagons, 

FIG. 27 is a top schematic view of double pentagons in the _ * „ , . 

X Format, in the X-H (X-Hemisphere) alignment, as seen , FI ?- ™ sh ° ws a perspective view of an optical mount 402 

from above, with three double-pentagon images represent- so f ° r double-pentagon images in the X-H format, wherein 

ing a hemispherical view. The vertical X-H dual pentagons thre u e double-pentagon images form a hemispherical view, 

370 include the center of the top pentagon 372. The side X-H W1 ' h , m l all 1 S nmen, P° mt * °V s P h f ,cal field of v,ew 

dual pentagon #1 is shown at 374, with an indication of the subdivided by a projected dodecahedron. Here an even 

top of the recorded image, as it appears on the screen during hemisphere of three dual-pentagon v,ews is covered by a 

playback. Note that the top of these dual pentagons is 55 turtleshell-hke asymmetrical arrangement of facets that hap- 

towards the top of the hemisphere, in the same direction as P«» t0 he u flat , alon S ■ • tomuphere base plane. In 

the top of the vertical pentagons 378. For the side dual ,his m , ount ' ™ of . the lenses 15 near <*» ,0 P- ™* an 

pentagons 380, the top is in the opposite direction, but optical urn 358 pointing to an edge center 52 on a concen- 

pointing also toward the top of the hemisphere 382. This lr ] c "Pheraal dodecahedron 12 representing a spherical field 

switch in direction of the top of the recorded image for one 60 of Two le ° se » such 45 at 432 « 0D tne Sldes - dso 

of the side dual pentagon groups is the hallmark of the X-H P° in,m S 10 M ed 8 e cemer such 15 al «* • 

format, because it enables all of the recordings to appear on Reduced to its essential elements, this optical mount 

the screen in a relatively natural way. If the top of the last forms a pleasing combination of three-dimensional shapes 

image were in the opposite direction, as shown at 384, it w i m unique properties. 

would be more consistent, even though the image would 65 FIG. 31A, FIG. 31B, and FIG. 31C show a schematic top 

appear on the screen to be upside down. This consistent top view of the component parts of this optical mount. Their 

direction is characteristic of a variation of the X format construction is simple, because they have only two edge 
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lengths: a short edge 434, and a long edge 436, with a 
proportion between them equal to the Golden Ratio, 0.618:1. 
Thus the rectangle, the facet holding the optical mount, is a 
Golden Rectangle. The bevel angle on the short edge is 
-31.72° from a right angle, and on the long rectangle edge 5 
the bevel is -20.91°. The trapezoid facets 406 have three 
short edges and one long edge, and represent the bottom part 
of a pentagon. Both of these are the same lengths as before, 
but the long edge 438 has a bevel of -10.81° and the short 
edges 440 have a bevel of -26.57°. And the final element 
that draws them all together is an equilateral triangle facet 
404, which has three short edges 442, also with a bevel of 
-26.57°. 

FIG. 32 shows a top view of this assembled shell-like X-H 
mount 402 for a hemispherical view. The X-H mounts are 
defined by a perfect decagon (ten sided) base, which is result 15 
of the division of this shape in half along a plane such as 
along edge 444. 

Two of these mounts, attached at their base with one 
turned 180° relative to the other, will cover six dual- 

20 

pentagon views, thereby forming a complete spherical view 
of twelve pentagons. These full-sphere views result from 
optical elements on the rectangles on alternate sides of the 
plane marked by edge 446, which produces a perfect hexa- 
gon cross section, characteristic of the X-Sphere (X-S) ^ 
variant of this format. 

FIG. 33 shows a schematic flattened view of the compo- 
nents of the X-S optical mount arranged for the coverage of 
a full -spherical field of view. The optical horizon, represent- 
ing the hexagon division plane, is at 448 and also along 446. 3Q 
The X-H decagon cross section plane is along edges such as 
.at. 444. 

FIG. 34 shows a flattened top view of the arrangement of 
components for the X-H format, showing the position of the 
optical horizon plane 444 and the three mounts for the 35 
vertical dual pentagons 450 and the two side dual pentagons 
at 452 for #1 and 454 for #2. The division plane for the X-S 
format runs along edges such as at 446. 

FIG. 35 shows this spherical mount stripped down to only 
the central band of trapezoids 406 and rectangles 408, lying 40 
horizontally. Here it can be seen that the spherical mount is 
essentially a faceted hexagonal box, with a dihedral angle of 
148.282527° across the central hexagon edge 446, with 
trapezoid faces alternating with rectangle faces (including 
the lenses of the cameras/projectors). The X-S mount facets 45 
can also be made equal, producing a regular hexagonal 
faceted box with a dihedral angle of 138,189698° across the 
central hexagon edge. The optical axis intersections on what 
used to be the rectangular facets should remain in the same 
places relative to the dodecahedron center. 50 

FIG. 36 shows the characteristic arrangement of the 
double pentagons for the X-S format, representing the 
coverage of a full spherical field of view. Here all of the dual 
pentagon images share an identical vertical orientation. In its 
simplest form, the X-S format can be understood as six 55 
dual-pentagon images whose optical axes lie alternately 
above and below an equatorial plane, with a rotation of 60° 
on this plane between each, representing rotations to the 
centers of the edges of the hexagon cross section. An upper 
dual pentagon is at 456, with a center at 458, approximately eo 
20.915151° above the horizon plane 460, while the lower 
dual pentagon 462 has a center 464 which is the same angle 
below. This equatorial plane 460 also intersects the center of 
the dodecahedron, and is equidistant from two opposite 
dodecahedral vertices, which lie along a polar axis. 65 

A vertical support centered on the bottom of this mount 
would be in a kind of "blind spot," on the outermost tips of 
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the bottom views. In practice, the equatorial plane will 
usually be horizontal, since this maximizes the benefits of 
the "blind spot," in line with the vertical dodecahedron 
vertex, but the X-S mount can be tilted in any orientation, 
just as any optical instrument is free to be pointed in any 
direction. The all -vertical dual-pentagon views in the X-S 
format do not represent a realignment of any of the six dual 
pentagon views making up an image of the surrounding 
concentric dodecahedron in the X format in general, merely 
a division of these six pentagon pairs along another plane 
tilted approximately 79.19° from the horizontal dividing 
plane for the X-H format, represented as 444. 

In the X-S format the location of the top of the screen for 
the recorded image is on the same side, as indicated by 384. 
This can be defined as where the upper edge of the image 
will lie when the output of the camera is directly viewed, as 
for example on a monitor. In addition to an optical mount for 
simultaneous photography, where the cameras are clustered 
together on a kind of geometrical mount, as is the case for 
single pentagon systems described above, there can also be 
sequential photography by a still camera on a motion control 
rig- 

FIG. 37 shows a front view of a motorized motion control 
X-S format mount with rotation around a nodal point. Here 
again the rotation is around the nodal point 122 of the lens 
128 of the camera 110. The camera is mounted on an 
L-shaped support, according to a lateral distance 142 
between the camera optical center (here corresponding to the 
mount center) and the side portion of this tilting camera 
support 146. Unlike the single -pentagon motion control 
mount described earlier, here the camera is turned on its side, 
and has a double-pentagon lens. 

FIG. 38 shows a side view, where the forward distance 
from the nodal point to the camera mount center is shown at 
148. Here the camera 110 is shown as horizontal so it has a 
horizontal optical axis 140. Returning to the front view, the 
base support for the tilting camera support is shown at 150, 
which rotates relative to a fixed base 152 by means of a 
rotary motor 154 driving gears or other appropriate means to 
create accurate, repeatable rotary motion. A similar rotary 
motor 158 is used in combination with gears or other means 
160 to rotate the tilting camera support around a tilting axis 
162 which also intersects the center of rotation 122. 

FIG. 39 shows side views of this mount showing the 
characteristic orientations of the camera and its optical axis 
for the above-horizon 466 and below-horizon 468 views, 
which both represent displacement by approximately 
20.915151° from the horizontal plane. In the preferred 
embodiment, a cable-driven motion control apparatus, such 
as those made by Sagebrush Technologies of Albuquerque, 
New Mexico, would be used, because of their smoothness, 
speed, accuracy, and repeatability. If a film camera is used, 
a motor drive added to the camera can advance the film 
while the motion control rig is repositioning the camera for 
the next shot. If a pause control is added before the picture 
is taken, then the cameraperson can make sure that they are 
not in the shot, even for a full-spherical image. 

FIG. 40 shows a front view of the above mount, turned by 
approximately 79.19° to produce the X-H format. At 470 is 
this tilted X-H rotation plane, and at 472 is the tilted X-H 
rotation plane. Since this is a simple automatic apparatus, it 
does not invert the camera midway through the sequence. 
Therefore in order to have the proper reversed top of the 
image for one of the double pentagons along the horizon, as 
shown in FIG. 27 at 382, this image must be reversed in 
postproduction. The full sequence of six views can be 
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understood as two hemispherical groups of three double 
pentagons each. 

FIG. 41 shows a storage template for condensed storage 
of a hemispherical video image in the X- Hemisphere 
double-pentagon format. All of the double pentagons appear 
here so that their recorded images will read naturally as 
"right side up". The first side dual pentagons are at 374, with 
an "up" indication at 376. 

The second side dual pentagons are at 380, and the 
vertical view 370 has an indication of the top of the recorded 
image at 378. The combined recorded images appear within 
a grouping of pixel information whose border is at 474. An 
image including a dual pentagon is at 476. Square subdivi- 
sions 478 with in the overall image hold the essential 
pentagon information such as the pentagon centered at 390, 
which is also the center of the square, given an ideal 
mapping of the pentagons with straight borders 86. Within 
this arrangement, there is also a space 480 within a common 
4:3 video aspect ratio 82 for extra information along the top 
and bottom edges. 

FIG. 42A shows a storage template for condensed storage 
of a stereoscopic spherical video image in the X-S format. 
The right pentagon 482 and the left pentagon 484 of an 
individual dual are shown, with an indication of the top of 
the recorded image at 486, which is the same for all of the 
views. However, since the dual pentagons are vertical rela- 
tive to the horizon, all of the objects in this composite X-S 
recorded view will here appear to be sideways. The border 
of the overall composite image is at 488, representing a 4:3 
aspect ratio. A second group of six pentagons is shown in 
FIG. 42 is at 490, in a vertical orientation that allows the 
recorded image "to appear " right" side" up" "according "to ~a 
vertical indication at 492. This second group of six images 
can represent a stereoscopically offset set of views, exposed 
so that their pentagons overlap with the first set. 

FIG. 43 shows a side X-H double pentagon image 396, 
showing the orientation of the top of the image 376 relative 
to the horizon, along with an indication of its width 386, 
which parallels the horizon. 

FIG. 44 shows a vertical X-H double pentagon image 370, 
showing the orientation of the top of the image at 378. 

A variation of the X-H configuration allows a hemispheri- 
cal view to be in 3-D, As previously described for single- 
pentagon views, the photography of a scene from two offset 
points of view creates a stereo pair which can be used to 
create a stereoscopic illusion. The simplest way of doing this 
for the X-H format is to rotate the entire camera mount by 
72° and repeat the exposure. Thus the effect is of a rotation 
of the composite image about the center of the uppermost 
pentagon of the uppermost dual-pentagon image, and the 
production of another complete dodecahedron image hemi- 
sphere whose component pentagonal faces overlap and 
match up with those of the original dodecahedron image 
hemisphere created by the first exposure. 

While it is possible to rotate the complete X-Sphere 
camera mount in this way through motion control to create 
a stereoscopic spherical image, the necessary mounts will 
always be included in the image. An alternate approach to 
using double-pentagon images, the Panoramic or P-format, 
is a simple method of achieving coverage of almost a 
complete sphere, with easier production of stereoscopic 
stereo pairs of this view. 

PANORAMIC FORMAT 

A second format for double-pentagon images, the Pan- 
oramic or P format, employs mainly tilted camera views and 
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optical axes in a single plane. Because in this format the 
main dual-pentagon views are recorded side by side, in a 
horizontal sequence resembling multi-view panoramic 
cameras, it can also be identified as the Pentarama™ format. 
5 The use of a novel arrangement of cameras provides the 
means for the recording and reproduction of all or most of 
a spherical field of view, including the three-dimensional 
image that one would see if one stood in a place and turned 
around. 

10 With this simple arrangement of cameras one can provide 
coverage of an extremely wide field of view in stereo pairs 
of images with the same optical separation throughout the 
recorded image. The 3-D illusion in this case is most strong 
and seamless in the areas that are usually of the most interest 

15 in any view — everywhere but straight up and straight down. 
Thus natural overall views of real places can be captured and 
shown to create a new type of "real space" virtual reality, 
unlike conventional virtual reality systems, which depend on 
computer-generated simulations for their three-dimensional 

20 images. 

The component segments of the images are in a pentago- . 
nal format that is a simple and flexible standard for the 
exchange of visual information related to a spherical field of 
view; thus effects such as computer-generated images can be 

25 overlaid and matched to the real image, as long as the 
computer-generated images are made according to "camera" 
and "angle of view" settings compatible with the present 
system of dodecahedral photography. 

3Q For simultaneous recording of a surrounding scene, up to 
fourteen cameras are used (for a full stereoscopic view). 
Synchronized motion picture film cameras can be used, 
"although video cameras are preferred, "despite their lower 
resolution, because they allow a more lightweight and 

35 compact arrangement of cameras to be made, and they are 
compatible with applications such as live transmission of the 
video images to other locations. 

FIG. 45 shows a " right -leaning" P-Format double penta- 
gon image 494, showing and indication of the width of its 

4Q double pentagons 496 and the orientation of the top of the 
image 498 relative to the horizon 90. The "leaning" of the 
image comes from the tilting of its camera by 54° relative to 
the horizon, and, of course, the same tilt for any correspond- 
ing projector for displaying this camera image. 

45 FIG. 46 shows a succession of five right-leaning P-format 
double pentagons, representing ten pentagons, which con- 
tain most of a spherical field of view, extending 65° above 
and below the horizon. Note how the successive extracted 
double pentagons 500 and 502 parallel each other. 

50 FIG. 47 shows, in contrast to the right-leaning image, a 
"left-leaning" P-Format double pentagon image 504, show- 
ing the orientation of the top of the image 498 relative to the 
horizon 90 which is also a rotation by 54°, but in the 
opposite direction as the right- leaning image. 

55 FIG. 48 shows a succession of five left-leaning P-format 
double pentagons, representing most of a spherical field of 
view. Once again, the successive right-leaning extracted 
double pentagons parallel each other, and each contacts 
another along three zigzagging pentagon edges. 

60 FIG. 49A shows a left-leaning double pentagon 504 and, 
in FIG. 49B, a right-leaning 494 P-Format double pentagon 
image, showing, in FIG. 49C, how they overlap to produce 
a stereoscopic area. Note how the recorded image 510 in the 
extracted left-leaning double pentagon 506 would seem to 

65 lean to the left if the image were viewed in the normal 
horizontal orientation on a monitor. Similarly, the recorded 
image 512 in the extracted right- leaning double pentagon 
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500 would seem to lean to the right. The opposite-leaning 
images together create a one-pentagon region of overlap 
514, which, because it was recorded from two offset points 
of view, represents a stereoscopic region. 

FIG. 50 shows a schematic representation of a succession 
of overlapping double-pentagon P-format views producing a 
stereoscopic area, and how the double pentagons are divided 
for assignment to alternate eyes in the stereoscopic viewing 
process. Ten cameras, five right-leaning and five left- 
leaning, make up a "main ring" for recording most of a 
spherical 3-D field of view. The equatorial plane of the 
dodecahedron is at 516, Upon this plane ie the optical axes 
of both right-leaning cameras such as 518 and left-leaning 
cameras such as 520, radiating outward from the center of 
the dodecahedron like evenly-spaced spokes of a wheel, and 
intersecting the centers of the ten equatorial dodecahedron 
edges. 

In the P-format, the vertical axis of the recorded picture 
is tilted by 54°, as at 524, relative to the equatorial plane 522, 
for the cameras of the main ring. The width of view of the 
cameras is at least 140° wide, the width of two pentagons, 
to enable the recording of two pentagons whose centers, as 
shown connected by the width line 496, lie alternately above 
and below the equatorial plane by 26.5665°. The difference 
between the successive cameras along the ring defines an 
interocular distance 526 between the opposite orientations of 
dual pentagons. The center of the overlapping stereoscopic 
region is at 528, as recorded by both right-leaning camera 
518 and left-leaning camera 520, but not by the adjacent 
right-leaning camera 530. 

For 3-D viewing, different views need to be presented to 
the left eye and the right eye in order to create the stereo 
illusion. In order to do this, the two pentagons are split by 
a vertical division of each recorded image, and the halves are 
sent to opposite sides, to be viewed by opposite eyes. For 
example, the pentagon on the right-hand half of the screen 
goes to the left-eye view, and the pentagon on the left-hand 
half of the screen goes to the right-eye view. Thus, the 
indication at 532 shows the right-eye assignment for view- 
ing of the left half of the left-leaning image, and 534 shows 
the left-eye assignment for viewing of the right half of the 
left-leaning image, while 536 shows the right -eye assign- 
ment for viewing of the left half of the right-leaning image, 
and 538 shows the left-eye assignment for viewing of the 
right half of the right-leaning image. This will produce a 
consistent stereo illusion as one turns one's head from view 
to view, and the right-and left -eye views are handed off like 
a relay from camera to camera. 

The P-format views, like single-pentagon and X-format 
views, can be recorded either sequentially or simultaneously, 
depending on the construction of the camera mount. 

SEQUENTIAL P-FORMAT PHOTOGRAPHY 

FIG. 51 shows a simplified camera mount on a rotating 
bar for sequential photography, allowing two-dimensional 
coverage of most of a sphere with a single camera, or 
three-dimensional coverage of this area with two cameras. A 
transverse bar 540 rotates 120 about a fixed central point 
542. At least one end of the bar is attached to a camera mount 
plate 544, tilted either to the right or to the left 54°, arranged 
so that the central optical axis 140 of the attached camera 
will always intersect the center of rotation 542. The mount 
hole for mounting the camera is at 546. The transverse bar 
is rotated to positions 72° apart, either by hand or by means 
of a motor attached to a rotating support such as a disk 548, 
which rotates relative to a fixed support 550, which could be 
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the head of a tripod, with the center of rotation 542 in line 
with its central axis. If a photograph by a single camera is 
taken at each of these five positions, these five exposures 
offer two-dimensional, coverage of the ten-pentagon image 

5 area of the "main ring". The other end of the bar could hold 
a counterweight to the camera. But if a second camera with 
the opposite tilt is added to the other end of the bar, then five 
more views can be taken which will overlap in the manner 
previously described, producing three-dimensional coverage 

10 of the main ring area with only two cameras. 

FIG. 52 shows another perspective view of the above 
mount, showing two cameras mounted for three- 
dimensional coverage. A right-leaning mounted still camera 
is at 552, and a left leaning mounted still camera is at 554. 

15 With this small, portable apparatus and only two cameras, a 
still three-dimensional image of most of a spherical envi- 
ronment can be photographed. A precision motion control 
mechanism such as the cable-driven systems made by Sage- 
brush Technologies, but other motion control means or even 

20 clockwork can be used, which has the advantage of not 
requiring any power supply. 

The main ring area of camera views can also be covered 
by a single camera, alternately tilting to the right and to the 
left every 36°, as the bar revolves, which can be done by a 

25 gearing mechanism. However, this method is slower and less 
accurate than using two cameras in rigid mounts. One extra 
camera view will fill in the image in the top of the main ring. 
This can be created by a third camera with a narrower, 
vertical field of view attached to the bar 540. The rotation of 

30 the bar would thereby offset the camera, so that successive 
exposures could be taken from more than one point of view, 
thereby forming a stereo pair. The extra camera view can 
also be accomplished by motion control repositioning of at 

^ least one of the cameras covering the main ring. 

SIMULTANEOUS P-FORMAT IMAGING 

FIG. 53 shows a top view of a ring of ten cameras in the 
P-format used for a nearly complete stereoscopic recording 

40 of a surrounding field of view. All of the optical axes for the 
cameras, as shown for example at 556, lie along a plane, 
equally spaced like the spokes of a wheel, and meet at a 
central point There is a rotation angle 560 of 36° between 
any right-leaning camera 518 and any left-leaning camera 

45 520, which creates an interocular separation distance shown 
at 526. There is twice that amount of rotation between two 
right-leaning or left-leaning cameras, creating a wider 
interocular distance shown at 562. This shows how there can 
be a relatively large amount of parallax difference between 

50 th e views of the similar-leaning cameras. 

With conventional optics and cameras, in any single, 
double, or triple-pentagon format, the main limitation in 
minimizing parallax is the size of the cameras and how 
closely they can be packed together and still maintain the 

55 correct optical orientation. In order to minimize this parallax 
difference, there are several novel forms of optical mounts. 

FIG. 54 shows a top view of a ring of five cameras in the 
P-format for two-dimensional coverage, showing the addi- 
tion of nodal-point centered, divided lens optics to eliminate 

60 parallax differences between the adjacent views. If only the 
"left-leaning" cameras are used, the five dual pentagons they 
record will represent a complete circuit of the sphere. The 
same is true if only the "right-leaning" cameras are used. 
The forward part of a modified P-format lens is shown at 

65 564, and its corresponding rear element is at 566, defining a 
path for the path of the light 568 passes through the center 
of the optical array, in such a way that the nodal point of the 
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lens falls at the center point. The same is true for all of the 
lenses, which are held in a lightproof optical mount 570 
which allows for the attachment of the lens elements, and for 
the attachment of cameras to each rear lens element. Note 
that here because there is an odd number of cameras, there 5 
is a simple alternating camera-lens arrangement. Also, 
because the cameras are not packed together and facing 
outward, but separated and facing inward, toward the lens on 
the opposite face, the cameras can be much larger, and hence 
can be chosen from among a wider range of existing 10 
cameras. 

FIG. 55 shows a perspective view of a main ring of ten 
cameras used for simultaneous stereoscopic recording, with 
the cameras facing outward, showing the tilted camera views 
and optical axes in a single plane characteristic of the P ^ 
format. These could be separate cameras for simultaneous 
photography, as here, or represent successive positions for 
one or more cameras in sequential photography. All of the 
camera axes lie along a single equatorial plane of a dodeca- 
hedron 516. The optical axis 572 of the left-leaning cameras 2 q 
is aligned to a point 574 on the center of an equatorial edge 
576 of the concentric dodecahedron 2, and the optical axis 
578 of the right-leaning cameras is aligned to a point 580 on 
the center of an oppositely -slanted equatorial edge 582 of 
the same dodecahedron. The camera views are alternately 2 5 
tilted, to the right or to the left, by 54°, so that the 
double-pentagon images they take are likewise tilted, as 
shown by the width indicators at 496, and are thus made to 
overlap, defining pentagonal overlapping regions with a 
center such as at 528. 30 

A distortion of the raster scan of the video image, previ- 
ously described as an electro-optical lens, can be done on the 
video image from each camera view to restore the proper 
straight pentagon boundaries and to create the effect of each 
image having two optical centers, one of which can be the 35 
center of the region of overlap. Each image is also cropped 
according to the shape of two adjacent pentagons, repre- 
senting two pentagonal faces of a dodecahedral spherical 
projection. Because of the alternate tilts of the camera views 
previously described, at least one pair of these new optical 40 
centers from any two adjacent camera views will be 
congruent, either above or below the equatorial plane; the 
pentagonal borders from the sections represented by those 
optical centers will match as well. Thus double coverage of 
that pentagonal section is created from adjacent camera 45 
views: a stereo pair of images that gives a three dimensional 
illusion. If the process is continued, it produces an alternat- 
ing series of matching overlaps, above and below the 
horizon, in a ring that covers all of a spherical field of view 
except the pentagonal portions represented by the dodeca- 50 
hedral face directly above as shown at 584, and the dodeca- 
hedral face directly below. 

FIG. 56 shows a side view of multiple cameras for a full 
stereoscopic spherical image in the P format, with the top 
and bottom pentagons covered as well by additional 55 
cameras, for a maximum of fourteen. A right-eye single - 
pentagon camera for the top pentagon is at 586, and the 
left-eye single pentagon camera is at 588. Similar double 
cameras are also shown for the bottom view. For the sake of 
consistency in the overall composite image, all of these 60 
additional cameras should have the same amount of 
interocular distance 526, and have lenses that lie along the 
sphere 590 that defines the overall spherical diameter of the 
array. Because the cameras in the ten-camera main ring are 
opposite each other, divided optics, such as could be used for 65 
five cameras, cannot be used to minimize parallax separa- 
tion. However, there are alternate arrangements that can 
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minimize the distance between the cameras, especially when 
the main ring of ten is used. 

FIG. 57 shows a side view of a P format camera, showing 
ten cameras using right-angle optics and extended axes. A 
double pentagon lens 592 is coupled to right-angle optics 
594 with a camera 596 at the other end. Because of the 
opposite tilts of the cameras, this extension would be impos- 
sible if all of the cameras lay on the same side of the 
equatorial plane 516. Therefore, for one set of five cameras, 
such as those above the horizon such as at 596, the image 
will be inverted, and will have to be corrected in a separate 
step. For the rest of the cameras, such as at 598, the image 
will be recorded in its normal orientation. 

Temporal Offset Mount 

FIG. 58 shows an alternate method of subtracting parallax 
differences between the various views in a camera array, 
especially when that array is in motion. Because the offsets 
are described as offsets in time, this will be called a temporal 
offset mount. In this figure we see top views of temporally 
offset mounts of a five and ten-camera array, with all of the 
nodal points of the cameras equally-spaced along a line. The 
distance between the cameras is dynamically adjusted to be 
the equivalent of at least one frame's worth of distance at a 
given rate of speed, as an alternate method of controlling 
parallax differences between adjacent views. At 600 is a base 
frame position, equivalent to a zero frame offset. An offset 
position of one frame is at 602, indicating the distance 
between the nodal points of camera 604 and camera 606, 
which is equivalent to the motion of the nodal point of 
camera 604 to that of 606 over a span of time equal to one 
given frame division, which for NTSC video is roughly 
equivalent to Vso of a second, and for motion pictures as V24 
of a second. All of the synchronized cameras would then be 
recording the scene from sequential positions exactly one 
frame apart. These temporal differences are then subtracted 
during the postproduction process. For example, the camera 
at the +4 frames offset position would be offset backward 
four frames. Thus, using SMPTE Time Code, for example, 
00:10:00:10 for the baseline camera would be made syn- 
chronous with 00:10:00:14 for the offset camera. This would 
make the nodal point positions of all of the cameras occupy 
the same point in a virtual space, so that there would be no 
parallax differences between them. The only differences 
visible in the panoramic image would be in the appearance 
of moving objects moving among the various views, since 
these views are taken from slightly different points in time. 

An offset camera such as the second camera 606 has a 
different orientation and field of view than the first, as shown 
at 608. The orientations shown here are designed to avoid, 
as much as possible, one camera seeing another, as can be 
seen by the field of view 608 avoiding the third camera at 
610. This is the equivalent of a single-coverage P-Format 
array of five cameras. An expanding and contracting mount 
frame is shown at 612, which could be in the form of a 
linked accordion framework on a track With this mechanism 
a single transverse expansion and contraction control at 614 
would serve to expand the distances between the various 
camera shown at 616 simultaneously and equally, according 
to the amount of motion of the entire array in the direction 
shown at 618. 

If for any reason the amount of distance of one frame is 
too small, then a set distance of two or more frames can be 
used, as long as the use is always consistent. The same 
principle of an expanding or contracting temporally offset 
linear array can be used with different numbers of cameras. 
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The first example shown used five cameras, such as would 
be found in a 2-D single-coverage P-format array. The 
second example shown here is for ten cameras such as at 
640, such as would be used for a 3-D double coverage 
P-format array. These two examples assume that all of the 5 
camera optical axes lie along the same horizontal plane. But 
it can readily be seen that this temporal offset principle could 
also be applied to arrays of cameras tilted relative to each 
other, such as single -pentagon systems, or other forms of 
multi-camera arrays, both dodecahedral and otherwise. 10 

OCTAHEDRON FORMAT 

A third form of double-pentagon format is that based on 
the octahedron, an eight-sided form made up of equilateral 
triangles. In this format, each double pentagon's central 15 
edge is aligned to one of the six points of a concentric 
octahedron. As in the X format and the P format, these 
multiple views can be taken by a multiplicity of cameras, or 
by one or two cameras moving from position to position via 
motion control. The creation of overlapping views for an 20 
all-over stereoscopic effect can also be done. 

FIG. 59 shows a perspective view of a dodecahedron 10 
and a concentric octahedron 622, illustrating the Octahedron 
or O-format. A vertex 624 and center 4 of this concentric 25 
octahedron define an optical axis 626 which is aligned to a 
point 628 which also lies midway along a dodecahedral edge 
630 dividing two dodecahedral faces 632 and 634. A rotation 
636 of this optical axis for stereoscopic effect by 36° brings 
it to a new position 638 and a new target point 640 which 3Q 
also lies on a dodecahedral edge 642 which divides two 
dodecahedral faces 644 and 646, which are rotated relative 
to the first pair of faces, like the left- and right-leaning 
rotation difference in the P-Format, by 54°. The second face 
646 of the rotated position happens to be congruent to the 35 
second face 634 of the original position, thereby defining a 
stereoscopically offset region of double coverage of the 
photographed scene. A rotation of the octahedron on an axis 
through a dodecahedron vertex 10 and the center of the top 
octahedron face produces such matched pairs for all of the 4Q 
six octahedron vertices. Thus regions of stereoscopically 
offset pentagons can be created everywhere by simple 
rotations of the camera axes and their related double pen- 
tagons. 

FIG. 60 shows a perspective view of an O-format optical 45 
mount 648. A first octahedral optical element is shown at 
650, with the width line of the first recorded image at 652 
indicated the directions of the two double pentagons, and an 
indication of the top of the recorded image shown at 654. A 
second octahedral optical element is at 656, with an indi- 50 
cation of the top of the second recorded image at 658. The 
pole point at the center of the topmost face, corresponding 
to a dodecahedral vertex, is at 660. FIG. 61 shows a 
schematic representation of the characteristic arrangement 
of O-format double-pentagon views representing a spherical 55 
field of view. A first dual octahedral pentagon 662 shows an 
indication of the top of the recorded image 654, and a second 
octahedral dual pentagon 664 shows an indication 658 of the 
top of the recorded image which here appears turned 90° 
relative to the first. This great difference in the orientation of 60 
the various double-pentagon views must be taken into 
account when working with this particular format. 

FIG. 62, in contrast, shows a schematic representation of 
a succession of five right-leaning P-format double pentagons 
502, representing most of a spherical field of view. Here it 65 
can be seen that the indication of the top of the recorded 
image 498 always faces in the same direction. 
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Similarly, in FIG. 63 is a schematic representation of a 
succession of six X-S format double pentagons, such as 
above horizon pair 456 and the below-horizon pair 458, 
representing all of a spherical field of view. Here again the 
indication of the top of the recorded image 666 always faces 
in the same direction. 

TRIPLE PENTAGON 

T-FORMAT 

In addition to the single and double-pentagon formats 
described previously, there can also be triple -pentagon 
imaging, wherein each camera records three pentagons 
surrounding a single dodecahedral vertex. The simplest way 
to use this approach for recording a spherical field of view 
is to use the geometry of a tetrahedron, a four-sided regular 
polyhedron made up, like the octahedron, of equilateral 
triangles. The format can be used for either 2-D or 3-D 
coverage, and, as with the previously described formats, the 
various views can be produced by simultaneous photogra- 
phy by a camera array, or sequential photography via motion 
control. 

FIG. 64 shows a perspective view of a dodecahedron and 
a concentric tetrahedron, illustrating a triple-pentagon 
format, the Tetrahedron or T-format, which has optical axes 
pointing to the dodecahedron vertices 10 which also lie at 
the vertices of a tetrahedron. A concentric tetrahedron 668 
has a first vertex point 670 which together with its center 4 
defines a first optical axis 672, A second tetrahedron vertex 
is shown at 674, a third vertex at 676, and the final fourth 
vertex at 678. Each of these points defines the center of an 
area of optical coverage which encompasses three pentagons 
equivalent to dodecahedral faces. Referring back to FIG. 4, 
the vertex T at 74, which in FIG. 64 is identified as the first 
vertex at 670, lies at the center of a region including the first 
covered pentagon (Z) at 680, the second covered pentagon 
(A) at 682, and the third covered pentagon (E) at 684. A 
rotation of this first point according to a path 686, as 
produced by a rotation of the tetrahedron by 90° according 
to an axis passing through the center of a tetrahedron edge 
688 and its opposite edge, creates a rotation position atop a 
dodecahedron vertex for all of the points of the tetrahedron; 
the new position for the first point 670 is shown at 690, for 
the second vertex at 692, for the third at 694, and for the 
fourth at 696, according to the rotation path shown at 698. 

FIG. 65 is a perspective schematic view showing the 
relationships between these original and rotated target 
points. At 700 is a tetrahedron connecting the original 
positions of the various target points, at 670-678. These can 
be seen to lie also at alternate vertices of a concentric cube 
702, with the rotated target points at the other vertices, such 
as 670 to 690, according to the rotation 686. The simple 
relationship of the vertices of a tetrahedron is also shown by 
the orthogonally rotated heavy lines connecting the top and 
bottom vertices in their rotated positions. If each of these 
positions is used to encompass the equivalent of three 
dodecahedral pentagons, then all of the twelve pentagons 
representing a full spherical image can be recorded. 

FIG. 66 shows a schematic representation of four 
T-format triple pentagons, representing all of a spherical 
field of view. At 670 is the first target point, which lies at the 
center of a group of three dodecahedral faces. The center of 
one of these faces is shown at 342, and its outer edge is 
shown at 346 in its characteristic recorded form as part of an 
overall wide-angle image, and at 348 in its idealized form as 
part of a corrected single pentagon. An axis from pole to pole 
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704 can be defined by this first point 670 and a bottom point Unlike normal camera-lens arrangements, which have 

706, a dodecahedral vertex which lies at the center of the optical axes which do not cross, this invention is based on 

three bottom triple -pentagon views, leaving the three pen- optical paths which cross in the center of a polyhedron with 

tagons surrounding the first point 670 are taken as a topmost parallel, opposite faces. Unlike the usual direct coupling of 

group. The relationship of an intermediate dodecahedral 5 lens to camera, this invention has each lens separated from 

vertex is shown at 708, a point which is shared between two its respective camera by a fixed distance equal to the 

groups. distance between the centers of their respective parallel 

FIG. 67A and FIG. 67B show a perspective schematic opposite faces, 

view of the relationship between the dodecahedron vertices In the Criss Cross Mount, shown in FIG. 69 a rigid 

of two stereoscopic T- format sets of views, which also lie on 1Q polyhedral structure, consisting of parallel, opposite faces, is 

the alternate vertices of a cube, and an illustration of the set formed by opposed pairs of mounting structures, one for a 

of views produced by a first orientation of vertices 670, 672, lens and one for a camera. If a dodecahedral structure is 

674, and 676. These vertices are shown in their original used, there is a maximum of twelve pentagonal faces, in 

positions according to a cube 702, and in their rotated opposing pairs. For a single-pentagon system, there are thus 

positions such as 690, 694 and 696. The pentagons in the a maximum of six lenses, facing outward, opposite six 

three pentagon groups here are lettered according to the 15 cameras, facing inward, covering in all a hemispherical 

standard method of identification. The recorded top of view. The optical axes of these opposing lenses and cameras 

pentagon image (Z) is at 710, and the recorded top of the all cross the center of the dodecahedron, 

bottom pentagon image (N) is at 712. The mounts for the cameras and lenses are the same as 

FIG. 68 shows an illustration of the set of views produced those usually used, for example a C-mount female mount for 

by the second rotated orientation with center points 20 the lens and a C-mount male mount for the camera. These 

690-696, with the pentagons identified by letter as before. are the common mounts for 16 mm film lenses and cameras, 

Once again, the recorded top of pentagon image (Z) is at and for Yi" CCD video cameras. For smaller video formats 

710, and the recorded top of the bottom pentagon image (N) such as CCDs l A n or smaller, the CS mount is often used. For 

is at 712. larger format video systems such as professional video 

FIG. 69 shows a schematic cross section of a tetrahedral 25 cameras with CCD's of *A" or larger, the usual mounts such 

lens mount with criss-cross optics. Perhaps no other dodeca- as > the b W? { or the FJ#n°n-B mount can be used. With 

hedral format besides the P format is so well suited for the ^apters, ° ther s P^ cia , mou ?* such J% th ^ Nlko ° * 

application of this approach, because the lenses do not face °^ ttS > Cano °' 1 Mmolta ' ai £ * n * x . K „ ^ 35 mm SLR 

rr , tl _ lm L • *u 1 • a still cameras and lenses can be used. If the lenses are the 

opposite each other while sharing the same optical axis. A ^ M {oca& ^ ^ oQ , he ^ focal 

lens 714 and its male mount 716 are shown coupled to a JU , . , £ , , . 

; ' ' , c ' 7 1 T^m j 1 where the image receptor of the camera would be, there is 

_ female mount 718 to a front lens element 720 and a rear lens _ . rn , nc • *^ nl , ^ , mcc t . . • _ „ mcc 

1 r j -j j 1 -a. 1 . an extra lens at this local plane, to pass this image across the 

element 722 of a divided lens, with a male mount 724 , , , , . . * TO _f_ t , * fnna 

. t . _ „ A c dodecahedron to the image receptor on the opposite face. 

suitable for coupling to a camera mount 726 of a camera - . „„„ , . „ ■ °, , ' nr n F t , , 

* „ r . . 1 • j 1 1 1 "is can either be a single lens, or a senes to locus and 

728. All of these mounte and their associated lens elements refocus ^ ; acrQSS me , hedron ^ net effecl of 

are in a rigid sheU 730 that al.gns the optical axes 732 of the * ^ ^ assemW (Q [he ; acrQSS ^ l hedtoa 

various cameras 734 and lenses 736 opposite each other. TTie shou , d M| be , Q inyert , he ; because , heD me camefa 

optimum lens elements w.1 create an ophcal path 738 where ^ haye to fee ide down Qn ^ i[e f ^ ^ 

the effective nodal point of the lens 740 is at the center of the _, ic _ j ;fl : M1 n„ f„ ,u„ , «™ 

r L jj LJ r™ - cause difficulty m using the camera controls and its view- 
array, which is also the center of the dodecahedron. This is fi n $ CT 

used to eliminate the parallax separation between the camera 40 A ' i , . 

A - , . , As an alternative, a wide angle lens can be used which has 

views. As an alternative, the optics can be used to pass the 1( * , . T . , , . 

< 4 -i . , . . an extremely long focal length, which can be equal to the 

image across the mount to the opposite side, in a cnss-cross . J & . • e o , , , , , 

r . • *u u .u * distance between the opposite faces of the polyhedral 

fastuon, through the center. . - _ * J . 

° mount, so that it would focus for the first time on the 

CRISS CROSS LENS MOUNT 45 camera's image receptor. For example, the Kodak Wide 

Acriss cross lens mount, as shown in FIG. 69, has several Field Ektar has an angle of view of 80° and a focal length 

advantages as a means of organizing the elements of a of 5% to 10 inches. However, the focal length of these lenses 

single- double or triple pentagon camera array. Because all is variable, and even if it weren't, this design would mean 

of the optical axes cross at the same point in the center of the tnat sucn a lens wuld not be used on a polyhedral mount of 

dodecahedron, alignment tests, both in manufacturing and in 50 any other diameter, such as would be required for larger 

the field, are simplified. With this criss-cross mounting cameras. 

structure, lenses and cameras can be coupled and uncoupled The polyhedral structure can be one solid piece, or it can 

independently of one another. The size and shape of the be subdivided. For example, a dodecahedron structure, as is 

cameras becomes less important, because large cameras can illustrated in FIG. 1 and FIG. 20, could be in one piece, or 

be substituted, taking up more space going outward, while 55 it could be in two halves, with a top half for the lenses and 

leaving the arrangement of the lenses and the other cameras a bottom half for the cameras. The dodecahedral faces could 

untouched. Because this arrangement makes the cameras also each be separate, but so designed that when they are 

face in, a cameraperson can get behind each camera to look coupled together, they will meet at the proper dihedral angle 

through the viewfinder in the usual manner, unlike in an to form the dodecahedral structure. Having each face sepa- 

arrangement where the cameras (and lenses) are bunched 60 rate is especially advantageous for the cameras, to allow 

together facing out, where a cameraperson cannot use the each to be docked to a face before being tied to the 

viewfinders because they cannot get inside of the arrange- dodecahedral structure, because this docking often involves 

ment to get behind the cameras. Although this arrangement rotation (such as would be done by a lens) and this rotation 

concentrates the cameras and lenses within a very small may be awkward when so many cameras are tied together in 

volume, no part of a camera or lens will block any portion 65 close proximity. 

of the view of another, even for lenses with extremely wide The mounts and faces may be of steel, brass or any other 

fields of view. suitable rigid material. The coupling means between the 
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faces may be corner dogs, or any other type of clamp that 
will bring them into the proper alignment. Internal baffles 
which do not block the main light paths should be used to 
minimize internal cross-reflections among the different 
imaging pairs. The same idea of criss-cross optical mounts 5 
can be applied to other arrangements of matched camera- 
lens pairs, as long as they are based on parallel opposite 
faces of a polyhedral solid. For example, among regular 
polyhedra, the faces of a cube, an octahedron, and an 
icosahedron also face each other. There are also many other 10 
polyhedra which have parallel opposite faces which could 
form the bases for camera-lens arrangements. 

RECORDING MEANS 

FIELD RECORDING 15 

The multiple cameras and recorders inherent in all of the 
previously described variations on immersive recording 
require a slightly different approach to the problem of 
recording video in the field. 2 o 

FIG. 70 shows a schematic overview of the major com- 
ponents of a single channel of a multichannel camera 
system. A camera lens at 742 represents the proper lens for 
recording in a single, double or triple-pentagon system. The 
camera 744 is appropriate for the format, and can be a film 25 
camera, a video camera, or other form of electronic imaging 
device, using any appropriate forms of sensor such as a CCD 
or CMOS imager. These electronic cameras are usually 
controlled by a Camera Control Unit or CCU at 746, which 
performs functions such as balancing the exposure among 30 
the various cameras and improving the performance of each 
individually. An external synchronization source - 748 ~is~ * 
usually fed through the CCU to synchronize the frame rate 
and if possible the pixel rate of the various electronic 
imaging sensors. Some common forms of sync are black 35 
burst, SMPTE time code or pixel clock signal. This syn- 
chronization signal is also fed to any recording device, to 
keep a constant time reference among all of the cameras and 
their related recorders. These recorders, shown at 750, can 
be any recording device that can record the image and 40 
synchronization information with the proper level of quality. 
Compact video recording formats, such as DVC or Hi8 are 
preferred for convenience. One common form of synchro- 
nization is to have the cameras all genlocked to a video 
clock, with SMPTE time code also split and sent simulta- 45 
neously to all of the recorders to be striped along with the 
video on a separate channel for editing and reference 
purposes, synchronized to a video clock. The synchroniza- 
tion signal lines to other similarly linked and synchronized 
cameras and/or CCUs are shown at 752. An edit controller 50 
or other controller for stopping and starting the recorders is 
at 754, with lines to the other recorders at 756. One common 
form of such a device is a compact Control-L keypad, with 
a distribution amplifier to send the signal simultaneously to 
the various recorders. A monitor signal output line 758 55 
carries the output of the recorder, either live or prerecorded, 
to selection switch 760, The inputs from the other signal 
sources are shown at 762. The selection switch determines 
which of the devices will appear on a monitor 764. 

FIG. 71 shows a block diagram of the equipment used in 60 
the basic postproduction process. A playback source at 766 
can be a video device either designed for the field or the 
studio, only again synchronized to the other decks via a sync 
source 748, with the lines to the other playback decks shown 
at 752, and controlled by an edit controller at 754, with the 65 
lines to the other decks at 756. Again a monitor signal output 
line 758 carries the output of the recorder, to a selection 
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switch 760. The inputs from the other signal sources are 
shown at 762. The selection switch determines which of the 
devices* image will appear on a monitor 764. In addition to 
this, other steps can be taken to condition and balance the 
video signals before final re-mastering as a finished pro- 
gram. This correction at 768 can include color and distortion 
correction, and masking of the image according to the proper 
dodecahedral edges, along with comparison of a selected 
segment to adjacent segments, according to specialized 
switcher functions to be described later. A control line at 770 
also controls a studio mastering recording device 772 syn- 
chronized to the playback device 766 for recording the final 
mastered version of the image. This final recorded image can 
be a corrected version of the single image signal produced 
by the original camera, or an integrated digital signal con- 
taining the multiplexed and/or compressed information pro- 
duced by two or more cameras. A studio monitor 774 is used 
to check the recorded master information. 

FIG. 72 shows a perspective view of a generic assembled 
dodecahedral camera 300. The form shown here is a single - 
pentagon configuration, although double or triple-pentagon 
configurations could also be used. 

FIG. 73 shows a side view of a portable camera mount for 
a camera operator, including means for carrying the neces- 
sary recording and monitoring equipment. The camera array 
300 is attached to a camera array mount 776, which can 
either be a fixed mount rigidly attached to the rest of the 
frame, or else include stabilizing mobile mount means 778 
to create a more stable image independent of the motion of 
the rest of the frame, such as is used in the Steadi-Cam™ 
family of camera mounts, such as the original Steadi- 
Cam™, the BodyCam™ and the Steadi-Cam Jr.™ For a 
single-pentagon image format, there is a "blind spot" in the 
area directly underneath where the camera mount is. The 
camera operator, as well as the camera frame and the 
necessary support equipment, can all fit within this area and 
thus be invisible to the rest of the camera array. The 
maximum size of such a camera support is a pentagonal 
shape based on the projection of a dodecahedron face, 
therefore the outermost the outermost limits of the blind spot 
780 are the bottom pentagon points, at an angle of 37.377° 
from a vertical axis 22, where here the struts of the camera 
support fall, and the innermost limit of the blind is defined 
by the center of the pentagon edge 782, at an angle of 
31.6933° from vertical. The back support strut 784, and the 
side support struts 786 are here shown taking full advantage 
of this extra space at the pentagon points, and its best suited 
for a rigid mount. Having them at the narrower angle 782 
would allow free panning of the camera without the struts 
becoming visible. And a yet-narrower angle of less than 30° 
would allow for the further tilting motion produced by 
independent image stabilization. If this narrower angle is too 
restrictive of the amount of space available for the camera 
operator and equipment, then the position of the camera 
array should be raised. The struts can be of any suitable 
lightweight, strong material, such as aluminum or fiber 
composite, and can be made to fold up and collapse when 
not in use. The camera operator is shown at 788. If it is 
especially desirable to maintain the level of the camera close 
to normal eye level, for a more natural image, then unusually 
short people may be best suited for this type of work. A 
shoulder strap 790 carries the frame and the equipment, 
which should be balanced as much as possible. The equip- 
ment can includes the camera control units at 792, and the 
recorders at 794. Base supports 796 can be in the form of 
shelves for the equipment suitable for protecting it and 
locking it into place. These recorders and CCU's typically 
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require less attention during the shoot compared to any Multicamera, multiple recorder systems such as the 

monitoring and other equipment 798, which is placed up Dodeca System can maintain this resolution by avoiding this 

front so it is conveniently visible to the operator. combining process, but require that a separate video record- 

FIG. 74 shows a top view of the above portable camera m g medium be used for each camera. For example, a 

mount. A camera mount platform 800 holds the fixed or 5 separate videotape recorder (VTR) can be used for each* 

mobile mount used for the camera array. came ^ a when 1 vldeo « mera u s are a *° u S h Vlde0 

recording is also possible with recordable video disks, com- 

FIG. 75 shows a side view of a portable camera and puter hard disks , and other digital recor ding media. The 

equipment mount, with means for carrying everything by same number of recorder/players are needed when the 

means of a wheeled conveyance such as a wheelchair. The recording of the cameras' views is played back at a later time 

wheels 802 on this conveyance can be manual or electric; the (despite their dual nature as record/playback devices, the 

existing design of wheelchairs is excellent for most VTR is commonly called a "recorder;" however, it will be 

purposes, although it may be necessary to add underinflated understood that here both senses are meant when this word 

tires and a modified suspension for extra smoothness in the j s used.) 

motion. The wheelchair approach also has the advantage that Smaller formals such ^ Hi . band 8 mm or g.^g t 

more weight in the form of extra equipment 804 can be offer faifly good m for theif ^ bm { numbers of 

added than could be portable by a standing operator. lhese recorders t thef stm add tQ a considerable 

Because of their familiarity with wheelchairs, handicapped amount of weight fof one n t0 ca as t of a camera 

people may well be best suited to be camera operators for recording systemj and prevent such a mu i t i ca mera system 

this form of immersive imaging. ^ from being easily portablet These smaller f ormats , 

FIG. 76 shows a side view of a portable camera mount in moreover, do not have the image quality upon playback to 

the form of a motorized cart, capable of carrying the make video images acceptable for showing in a large-screen 

necessary recording and monitoring equipment without a theater. 

camera operator. This can enable a fairly large amount of Broadcast-quality video recorders, such as Betacam SP 
equipment to be used, and for the camera array to be carried 25 recorders, are increasingly being used in field applications 
at a much lower level relative to the floor. A leg for this suc h ^ news-gathering. However, because of their size, 
camera cart is at 806, constructed of a suitable material. weight, and cost, they are impractical to gather together in 
Each leg has a wheel 808, which can be a rubber wheel for i arge numbers to serve as recorders for single pentagon 
absorbing shocks and bumps. The smoother the floor surface cameras. For example, a Beta SP field recorder such as the 
810, the less need for shock absorbers and custom wheels; 3Q Sony BVW-3020 weighs approximately twelve pounds and 
for this reason this type of mount would work best in costs approximately $12,000 each; for eleven of these to be 
interiors and city streets. The equipment-commonly used is gathered together would make a composite recorder weigh- 
here divided into layers on different shelves. The camera ing at least 132 pounds and costing over $132,000, too heavy 
control units are the uppermost level of equipment 812. On t0 be portable and too expensive to be used by the average 
the second level 814 is the power supply such as batteries for 35 producer, for either recording or playback. The latest- 
the cameras and recorders. Next at 816 is the third level, the generation digital video recorders, such as the Vz" DVC 
recorders. And the bottom layer 818 can have the propulsion digital component cassette recorders from Panasonic, also 
motors for the wheels, along with any extra power sources have high quality and are much smaller than Beta SP VCRs, 
they require. but are sil \[ very expensive. 

FIG. 77 shows the top view of the above camera cart. The 40 New higher-quality forms of video have a wider picture 

base platform is at 820. All of the wheels can swivel. As in with an aspect ratio of 9:16, especially the high-resolution 

a car, some can be active steering wheels, and some passive video systems known as high-definition television (HDTV), 

following wheels. A first steering wheel is at 822, a second Full HDTV recorder image quality is excellent, but the video 

steering wheel at 824, and one of the passive wheels is recorders are especially large, complex and expensive, so 

shown at 826. For maximum maneuverability, all of these 45 requiring one of these recorders to be used for each pentagon 

wheels should be able to change into steering or following camera makes a compound HDTV video system even more 

wheels depending on the direction of motion, cumbersome, expensive and impractical. Moreover, most of 

MULTIPLE RECORDER lhe W ^ e mia ^ e area ^ wastecl ^ onlv tDe central pentagonal 

image is used. However, these wide images have enough 

A new form of image processor taking advantage of the 50 area to hold more than one pentagon image. In the earlier 

unique advantages of the dodecahedral pentagonal format, patent, a double-pentagon system is disclosed which fea- 

especially in the single-pentagon format, allows for the tures dual pentagon imaging with a vertical edge between 

recording and playback of a plurality of views on a single the pentagons in the center of the image and pentagon points 

recording medium. on the outside edges. However, recording single pentagons 

To increase the amount of information recorded or to 55 in this way on a wide aspect ratio requires a rotation by 36°, 

increase a field of view, many previous systems of com- alternately clockwise and counterclockwise, of the two 

pound photography have been used to record separate views, pentagon images as recorded by conventional single penta- 

either in succession or simultaneously. Often these views are gon cameras. These rotations are likely to lead to aliasing of 

recorded on different portions of a recording medium, for the horizontal scan lines in each image, and subsequent loss 

example recording small rectangular views in a grid or 60 of video information and resolution, 

portions of a larger film negative, or combining portions of Recently broadcast-quality video equipment has been 

several video images into a single image using postproduc- introduced that employs an optional wide "HDTV" aspect 

tion equipment such as video switchers and the Quantel ratio of 9:16 (1:1.77), thus maintaining aspect-ratio compat- 

ADO. However, if reduced size images are combined in this ibility with the higher-quality true HDTV recorders. This is 

way, here is a loss of resolution proportionate to the loss of 65 often done by increasing the scan recording speed from 13.5 

size, so the playback resolution will suffer when a selected MHz to 18 MHz, thus writing more information in every 

image is expanded back to full size again. horizontal line, and thus creating the effect of a wider picture 
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being recorded. This type of video, also know as extended- The third processor combines the rearrangement of the 

definition television or ADTV, offers less cost and weight first processor to the transpositioning of the second 

per recorder than HDTV recorders, and a broadcast-quality processor to record a total of three images within a 

image. However, using one of these recorders for each and wide-screen recorder's video image, thus reducing the 

every single-pentagon camera still adds up to considerable 5 number of recorders required by two-thirds. 

weight and expense. FIG. 78 shows a schematic representation of the operation 

t e , „ j. . . of the first processor, for two pentagons being recorded 

To increase the capacity of data-recording equipment in a 4;3 videQ ^ ^ ^ ^ ^ 

general new data-compression techniques have been devel- Q { bei cdcq6 J md decoded m ^ afea 

oped. These techniques have been applied to video surrounding the first central Pentagon, showing the position 
information, especially to HDTV and other digital video 10 of outside pentagon information before and after encoding, 
systems, to reduce the amount of data in the signal to A4:3 aspect ratio image such as a video image is at 828. This 
manageable levels. However, this requires the addition of aspect ratio is common to most of the most common video 
the data-compression equipment, which often cannot run at formats, such as NTSC, PAL and SECAM, as well as to 
real-time speeds, and if the equipment is used, there is specialized digital video formats such as VGA, SVGA and 
always the question of how much information is lost in the 15 the CCIR-601 broadcast standard. The central pentagon area 
compression-decompression process. at 830, which occupies only 44% of the total aspect ratio. 

Therefore, the region around the central pentagon, shown at 
TYPES OF MULTIPLE IMAGE PROCESSORS 832, is large enough to contain the uncompressed informa- 

The use of the pentagon shape for panoramic video tion ^^i* sec0 ° d P enta 6 onal ima g e > shown recon- 

information has unique advantages. TTaese advantages can 20 s < ltuted at 834 ' This information is stored by resequencing , 

be put to use in three novel forms of video image processors the retrace commands in the scan lines of the second image 

to greatly reduce the number of recorders required for 836 ' s ° that £ e e "ff wfiormation is written in a new 

multiple pentagonal images, especially when multiple confimiration 838 of the proper -shape to fit mto the outside 

single-pentagon cameras are used, while maintaining maxi- area ** 2 ' ^ hcn workin g Wlth ' he u classic hard-edged 

mum quality and resolution. 25 straight-sided pentagons, there will be an extra area left 

, , , r , . . unfilled 840. This extra area can be filled by adding outside 

The photography of pentagonal panoramic images can ^.uuj cu*u ♦ * • j ■ 

r , - , pixels around the borders of both pentagons to aid in 

most easily be done by dedicating one camera to each of the b , endj and anti . aliasi or b ]eavi * ed M 

pentagonal segments. 1 his has many advantages ot simplic- sli ha ^ . 

reflecting a common form of lens distortion. 
Uy. The images appear in the camera right side up, as 3Q Jbm&m ^ whetQer or not these extra Ms are induded it 

opposed to other described multiple-pentagon formate that fa ^ , Q ^ a nafrow ioQa , , d band „ ^ 

■WM^otfon^f^W'UMtotacm. around the pentagon edges. - 

The smgle-pentagon format allows for more flexible group- pjo, 79 show! a block diagram of the first encoding 

mgs of images such as the four-pentagon combination for a ^ fof ^ aQd deco of a dua , * 

full visual field of view, a six-pentagon hemispherical image „ - 4 , • „ „ „„~L„ f A * qa-> v ^ 

i xl 11 t_ • t * ^ 35 image within a video aspect ratio. At 842 is the first source 

or an eleven-pentagon nearly full spherical image. Conven- t . .J * . nnd> - *\ o rwi^ c ,^ to _ c , rv_ 

... r . , & . , l j c video miage input from a Dodeca System source. For 

tional lenses with less distortion can also be used for ^ . f. . , f ^ cnn \l nont 

. . 0 . . 4 iL example, this could be from a single-pentagon camera 

single-pentagon cameras. Single pentagons represent the , . r , . , ..- r. r , . ° 

^ r , & , « j- * _• . i . i photographing a real- life scene, or a virtual single -pentagon 

common denominator between all forms of dodecahedral , . . j j ■ ? * ? 

camera supplying a computer-rendered view of a part of an 

imaging. However, the use of multiple smgle-pentagon jn • rr ' • r « * c , , 

&& , r( r f f -, 4 0 imaginary scene. Inis source image contains a first pentago- 

cameras usually requires the use of that number of video ^ ^ aKa g ^ a& a c Qr an 

^rtem 3 CaSmg Sl ' W61S y ^Pix* M 846 is ,he in P ut Erom 

" Dodeca System image source, which contains a second 
Therefore, three novel types of video image processors pentagonal image area 848. In the preferred embodiment, 
will be described, by whose use the number of required 45 both of these image inputs are syncnromze d by a common 
■recorders can be cut in half, or even by two-thirds, without synchronization source, such as a genlock source 850 sup- 
ine loss of essential pentagonal image video information, plying a sync signal such as a pixd clock or SMPXE time 
and without the need for image compression. CO( j e 
The first processor is an encoding processor designed for These two signal source inputs are coupled to the encod- 
a regular 4:3 aspect ratio th at pro vides means for 50 ing processor 852 along lines 826 and 856. Within the 
making use of the open area surrounding a central processor, is a frame buffer 858 where the region corre- 
pentagon image in order to record a second pentagon sponding to the second pentagonal area 860 is digitized, 
image by the rearrangement of its digital picture infer- either by itself or as part of the digitization of the entire 
mation. Thus two pentagons can be recorded simulta- frame, and the video data representing the pixels of this 
neously without the need for data compression, and 55 second pentagon view are recopied into an output buffer 864 
only half of the number of recorders would be required. m a sequential order into the open region 862 surrounding 
The second processor, designed for an HDTV aspect ratio, the area 866 representing the first pentagonal view, which is 
is a transpositioning processor to enable one recorder to passed along from the first signal source essentially 
fully record two pentagonal views, providing the means untouched except for a certain amount of delay shown at 
for a 100% increase in the capacity of a 9:16 aspect 60 868. 

ratio recorder to record pentagonal images for the While the original input and final output signals can be 

Dodeca system, allowing one recorder to record two analog, the rearrangement of the pixel information repre- 

pentagonal views without aliasing, without the loss of senting the second pentagon should be a form of digital 

any information, and with no need for data compres- signal processing. At 870 is a switch between the signal 

sion. Again, only half of the number of recorders would 65 sources, according to a precision set of addresses 872 for the 

be required, making the overall photography system switcher timing, so that the signal sources are alternately 

more portable, inexpensive and practical. recorded into a composite output image 874 for final display. 
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FIG. 80 shows a schematic representation of two penta- 
gons being recorded within a common 4:3 video aspect ratio 
828, according to the operation of the first type of processor, 
with the second pentagon image being encoded and decoded 
in the area 832 surrounding the first central pentagon 830. 
Here we can see an illustration of the principle of a delay 
between the two signals. Note that the original position of 
the first scanned pixel in each pentagon's central pentagon 
area 830 is at the upper left corner of the pentagon at 876. 
For the second encoded pentagon, however, the new 
encoded position for this pixel in the output image is at the 
upper left corner of the overall aspect ratio rectangle at 878. 
This means that such a pixel from the second view must 
therefore be re-recorded at the beginning of the raster scan 
of the final output image, in its upper corner at 878, before 
the first pixel of the first pentagon view is re-recorded in the 
output image in its normal position at 876. Therefore, if the 
two views are synchronized, a fixed delay must be applied, 
to the first video signal, equal to at least the amount of time 
between the start of the raster scan and the start of the 
pentagon. The more delay is applied, the closer the start of 
re-recording will be to the upper corner at 878, and more can 
be stored in the outside area. 

A second type of processor, a transpositioning processor, 
shows how a variation of multi-pentagon recording can be 
applied when recording and playing back a wide- screen 
video image with an aspect ratio of at least 9:16. This aspect 
ratio is common to the new wide-screen HDTV formats, 
both analog and digital, as well as to lower-level wide screen 
format known as ADTV. It is also within the 1:1.85 aspect 
ratio of motion picture theatrical film recording. Other film 
formats feature even broader" aspect ratios. This transposi-' 
tioning device cuts the number of required recorders in half. 
Thus, for a six-pentagon hemispherical image, only three 
such recorders would be required, 

FIG. 81 shows a schematic representation of the operation 
of the second processor, showing two transposed pentagons 
recorded within a 9:16 aspect ratio, also showing where 
information representing a third outside pentagon can be 
recorded. The border of the wide 9:16 aspect ratio image is 
shown at 880. (The two pentagons can also be placed in this 
manner within a 4:3 aspect ratio, but this will lead to large 
open areas at the top and bottom of the frame, and hence a 
less efficient use of the available image area.) A cropped 
pentagon from a first source 882 is shown in the usual 
point-down orientation. The center of this first pentagon 884 
is shifted to the left from its normal center in the center of 
the aspect ratio 888 by a distance 886 equal to 42.53254% 
of the height of the overall rectangular image (the 9 of the 
9:16 aspect ratio). Similarly, a cropped pentagon from a 
second source 890 is shifted in the opposite direction to a 
new center 892 by an equal distance 894. However, this 
second pentagon has an opposite orientation of its point than 
the first. If one of the pentagons is an above-horizon 
pentagon and the other is from a below-horizon orientation, 
then they will naturally have opposite orientations, with the 
first being point-down and the second being point-up, as 
shown here. But if both are above- horizon, for instance, then 
the second is rotated about its center 896 by 180° before 
being recorded. In this way, the two images are made to lie 
side-by-side as two pentagons, one being upside down. The 
final result is a diagonal line of adjacent edges 898, tilted by 
18° and passing through the center, that represents the 
boundary between the two pentagonal regions. The penta- 
gons can be left uncropped except for these edges, for 
maximum retention of the information outside of the pen- 
tagons. 
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The two side-by-side pentagonal images together have a 
height to width ratio that closely matches the aspect ratio of 
the overall wide image, with a width of 1.8017096 instead 
of the usual 1.77777 . . . width (relative to 1.0 as the height) 

5 produced by a 9:16 picture. Therefore, there is a 1.34618% 
overall error in the width. However, this error occurs on the 
far right and left edge points, where the image area is the 
smallest. Given a horizontal resolution of 1800 lines, that 
would mean only twelve vertical rows of pixels on each side, 

lQ including a single pixel row at the tip. These pixels that 
would be cut off by the normal aspect ratio can cither be 
ignored, to produce a tiny gap at some of the intersections 
of the composite pictures, or be recorded in the overscan 
area outside the normal frame line, or be recorded 
elsewhere, such as in the area outside of the pentagonal 

35 mask or in the vertical interval between frames. 

If a larger pentagonal area for each picture is required, as 
in when overlap is used to disguise the borders between 
pentagonal images, the distances 886 and 894 are increased 
to create a space between the pentagons for this extra area 

20 to be included. Since this would push the right and left points 
of the pentagons further outside of the normal 9:16 aspect 
ratio, the overscan area is employed for recording of this 
bigger picture, and if this is still not wide enough, the 
problematic information from the points can be recorded 

25 elsewhere, such as in the area outside of the pentagonal 
mask or in the vertical interval between the video frames. 

This method of dual recording of pentagonal views by 
shifting both and optionally inverting one can also be used 
optically, through the use of mirrors and prisms, to record 

30 two optical views onto motion picture film. Two such 
pentagonal views on film happen to fall well within the 
typical 1.85:1 aspect ratio of theatrical 35 mm motion 
picture projection. The recording of dual side -by-side 
images is already found in the prior art as part of stereo- 

35 scopic recording. However, they do not use any such the 
division of the views according to the slanted pentagonal 
diagonal used here. 

The number of pentagons recorded in the wide image can 
be increased to three by use of the third type of processor. 

40 This third processor, a combination of the first and the 
second, adds encoding to transpositioning to record the 
image information representing up to three pentagons into a 
single wide image without the use of compression. As shown 
in FIG. 80, for the maximum usage of the available aspect 

45 ratio area, the pentagons are fully cropped, and the outside 
image area 900 is used for the encoded storage of a third 
pentagon, in the same manner as the second pentagon's 
information is stored surrounding the first in the first encod- 
ing processor described above. 

50 FIG. 82 shows a schematic representation of the above 
9:16 image, anamorphically squeezed to fit within a 4:3 
aspect ratio. 

This anamorphic distortion is similar to that used in 
motion pictures wherein a special aspherical optical lens is 

55 used to record and play back a wide image in the usual 
aspect ratio. Such anamorphic distortion could be done 
optically, but it is preferred that the image manipulation be 
done digitally. In this case, the amount of information 
represents a 23% compression of the original amount of data 

60 in the original wide screen image, assuming that the same 
level of resolution in the image is maintained throughout. 
Here at 902 is the anamorphically squeezed 4:3 aspect ratio, 
with the anamorphically squeezed first pentagon at 904, with 
a center at 906. The anamorphically squeezed second pen- 

65 tagon 908 has a center at 910. The outside area 912 can hold 
an anamorphically squeezed outside third pentagon, by the 
use of the hybrid third processor. 
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For maximum precision in defining these distances, bor- 
ders and images, digital recording and playback is preferred. 
All of these types of processors can be realized as an 
addition to the recording circuitry of the video recorder, 
operating by systematically changing the addresses of the 
pixels in a digital frame buffer for a digital recorder, or by 
applying a fixed series of delays and offsets in the scanning 
of an analog recorder. 

In addition to efficient recording of camera pentagon 
views, these multi-image processors can also be used to 
record multiple synthetic pentagonal views, such as would 
be created by computer imaging, onto either videotape or 
onto film using a film recorder. 

With any of these processors, in the playback process for 
any of these combined images, the procedure is reversed to 
extract the separate images, in the correct orientation, for 
multi-pentagon image projection or display. 

POSTPRODUCTION MEANS 

SWITCHER FUNCTIONS FOR COMPARISON 
OF IMAGES 

In working with pentagonal images, it is often necessary 
to display two or more of them side by side, including their 
common edge, to check such things as the alignment or color 
balance in the images. The simultaneous display of portions 
of multiple video images is today commonly done through 
a device called a switcher. To achieve the best comparison 
of adjacent pentagonal images a simple set of image 
manipulations can be done to achieve this, either as a 
special-purpose analog switcher function or through a digital 
manipulation process. These switcher functions are of four 
types: the comparison of top edges, above-horizon adjacent 
edges, equatorial edges, and below-horizon adjacent edges, 
(since the bottommost pentagon is rarely included, the 
comparison of bottom edges will be omitted here.) Here the 
pentagonal images will be assumed to be in a proper form to 
have straight edges, so that straight-line cuts of the image 
will match them. 

FIG. 83A, FIG. 83B and FIG. 83C show a schematic view 
of the top edge comparison process, showing the successive 
manipulation of two or more video images to examine an 
edge between adjacent pentagonal regions of a top single 
pentagon and a top of an above-the-horizon pentagon view. 
At 914 in FIG. 83 A is a cropped top pentagon, commonly 
referred to as the Zenith or Z pentagon. A vertical line 916 
intersects the bottom point of the pentagon image, and 
defines a distance from the center of the pentagon to the 
point which can be expressed as a half-height distance equal 
to 1.0. In the original orientation, only the top edge is 
horizontal. A rotation of 36° around the center will make 
either one of the two bottom edges horizontal instead, and 
further rotations by 72°, as shown at 918, will bring the 
edges in succession to a horizontal orientation with respect 
to the bottom of the display screen. At 920 in FIG. 83B is 
shown the rotated Z pentagon, with one of the edges selected 
to be horizontal at the bottom. The center of the rotated 
image 920 is shifted vertically by a distance 922 of approxi- 
mately 0.809 relative to the half -height distance, so that the 
selected edge lies along the top edge of a horizontal half- 
screen clipping 924 of the displayed screen 926 as shown in 
FIG. 83C. So in the case of a displayed image that is 480 
lines high, such as in a 640x480 display, the shift would be 
194.16, or 194 lines. A similar 0.809 vertical shift of the 
center 928 of the second above -horizon pentagon image 930 
is done in the opposite direction, and the display of this 
shifted image in the blank clip area 924 will present the top 
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of this image in conjunction with the selected edge of the Z 
pentagon. A related procedure would be used to compare 
pentagons to the bottom, or N pentagon, were it to be used. 
In this case, however, the N pentagon should appear in the 
bottom half of the screen, a nd the below-horizon pentagon 
in the top. 

Other kinds of steps are used to bring other forms of 
pentagonal edges into conjunction with one another. FIG. 
84A, FIG. 84B, FIG. 84C and FIG. 84D show a schematic 
view of the successive manipulation of two video images to 
examine an edge between adjacent above-the-horizon pen- 
tagon views. The first above-horizon pentagon 930 in FIG. 
84A is shifted the same 0.809 distance to the left, as shown 
in FIG. 84B at 932, relative to a vertical center line 934 of 
the displayed screen 926. An 18 degree clockwise rotation of 
the image 936 as shown in FIG. 84C makes the selected 
pentagon edge vertical and aligned to the center line 934, 
which also represents the edge of a vertical half-clipping 938 
of the display screen. A second adjacent above- horizon 
pentagon 940 as shown in FIG. 84D is treated similarly, but 
in the opposite direction, with an equal shift to the right and 
a counter-clockwise rotation of the image 942, so that after 
it appears in the blank area left by the half -clip of the image 
its selected edge will adjoin that of the neighboring pentagon 
along the line 944. 

FIG. 85A, FIG. 84B, FIG. 85C and FIG. 85D show a 
schematic view of the successive manipulation of two video 
images to examine an edge between adjacent below-the- 
horizon pentagon views. The first below-horizon pentagon 
946 in FIG. 85A is shifted the same 0.809 distance to the 
right, as shown in FIG. 85B at 948, relative to a vertical 
center line 934 of the displayed screen 926. An 18 degree 
clockwise rotation of the image 936 as shown in FIG. 85C 
makes the selected pentagon edge vertical and aligned to the 
center line 934, which also represents the edge of a vertical 
half-clipping 938 of the display screen. A second adjacent 
below-horizon pentagon 950 as shown in FIG. 85D is treated 
similarly, but in the opposite direction, with an equal shift to 
the left and a counter-clockwise rotation of the image 942, 
so that after it appears in the blank area left by the half -clip 
of the image its selected edge will adjoin that of the 
neighboring pentagon along the line 944. 

FIG. 86A, FIG. 86B, and FIG. 86C show shows a 
schematic view of the successive manipulation of two video 
images to examine an edge between an above-the-horizon 
pentagon view and a below-horizon pentagon view. This is 
the method used to examine the edges around the dodeca- 
hedral equator. An above-horizon view is at 930, and a 
below-horizon pentagon at 946 in FIG. 86A. At 952 in FIG. 
86B is a diagonal line dividing the displayed screen 926. 
Each of the pentagons is shifted in opposite directions at 954 
and 956, relative to this line by an oblique distance of 0.809, 
which can be accomplished by a combination of separate 
horizontal and vertical movements. When both of the shifted 
and cropped pentagons are simultaneously displayed as 
shown in FIG. 85C, their selected edges lie along the 
diagonal line at 958. This example shows only half of the 
total procedure, however, since it applies only to the right- 
handed lower edge of the above-horizon pentagon being 
compared to the left-handed upper " edge of the below- 
horizon pentagon. For the opposite sides, the procedure 
followed is a mirror image, so that the edges will lie along 
an opposite diagonal of the displayed screen 926. 

These three illustrated switcher functions will account for 
the comparison of all of the most common types of dodeca- 
hedral edges. 

CROPPING DIAGRAMS AND STORAGE 
TEMPLATES 

Existing photography and projection systems, both for 
film and video, are based on square or rectangular aspect 
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ratios. Since the images for a dodecahedral imaging system 
are based on a pentagonal format, the original square or 
rectangular image must be cropped down to a pentagonal 
shape before the image is displayed. This cropping is 
accomplished by matting, through electronic means for 5 
video, and through physical barriers to light in film. The 
mattes shown here are indicated with sharp edges for clarity. 
Digital media offer the best chance for matching up such 
sharp edges. In cases with other media based on light or 
analog technology, blended edges would be preferred, so the 10 
sharp edges shown here should also be understood as 
representing the center of a region of transition across a 
pentagonal edge. By the use of these essential mattes, 
pentagonal images can be created that will match up to each 
other along their edges. The composite image thus formed is 
can be subjected to further matting to cut out an overall 
artistic shape, but this extra matting, described in the earlier 
patent in connection to a masking processor, will not be 
described here. 

One of the great advantages of the Dodeca System is its 20 
flexibility due to the fundamental compatibility of all of its 
images. A hemispherical image shot with a double-pentagon 
camera, for example, could be projected using single- 
pentagon projectors, because the single-pentagon compo- 
nents for the projectors are contained in the dual-pentagon 25 
image recorded by a dual-pentagon lens. To extract a single 
pentagon from such a dual pentagon takes a standardized 
transformation that can be described as: split in half 
vertically, choose half, rotate the half by 18° (either +or -), 
and shift the center of the half to the center of the final 30 
image. Similar standardized transformations can change 
singles into a dual, a triple, and vice versa. Thus each 
component of the imaging system can use its most effective 
angle of view. Because of system requirements, it might be 
found, for example, that a dual-pentagon camera may be a 35 
more efficient way of recording images in the field, a 
triple-pentagon transmitter may be a more effective means 
of relaying them, and a single-pentagon projector may offer 
maximum size and brightness in the final display. Because 
all of these use the standard pentagon shape and dodecahe- 40 
dral alignments, the images can be more easily translated 
from one format into another. Similarly, X-format images 
can be broken down to their component pentagons and 
reassembled as P-format images, and vice versa. The inter- 
changability of these images, in whatever format, depends 45 
on the use of standardized mattes, also known as cropping 
diagrams. These define the placement and appearance of 
standardized Dodeca System images in their variety of 
formats. 

In practice, combinations of all these dodecahedral imag- 50 
ing methods can be used if necessary. For instance, for a 
five-pentagon image, four pentagons could be produced by 
means of two dual-pentagon optical devices, and the last 
pentagonal image could be produced by one single-pentagon 
optical device. Simultaneous photography of multiple pen- 55 
tagonal views can be done with still cameras, using film, 
video or digital recording media, or with motion picture 
cameras, again using either film, video or digital recording. 
Such motion picture camera images could be synchronized 
to a simultaneous recording of the sound of the photo- 60 
graphed scene, preferably with a directional sound recording 
apparatus that preserves the direction of the sound source so 
as to make a sound match up with the sound source's image. 

IMAGE DISTORTION 65 

FIG. 87 shows a cropping diagram for an uncorrected 
single-pentagon image in a video aspect ratio, including the 
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optional image area and typical optical distortion. Note that 
the mask edges 960 of the pentagonal section of a spherical 
field of view are slightly curved compared to the ideal edge 
86. This is the product of the image produced by a typical 
non-rectilinear lens. This wide r angle "fisheye effect" typi- 
cally grows more pronounced the wider the field of view. 
The cropping mask here also includes the typical optional 
image area below the pentagon on either side of the penta- 
gon point, producing more of a keystone shape. The uncor- 
rected mask edge 962 of this optional image area tends to 
curve around to the vertical. 

The outside optional image area can be included in the 
displayed image if there are no other adjacent pentagon 
images available that cover its area. For example, if six 
single pentagon views are used to make up a hemispherical 
view, and this hemispherical view, for the sake of 
convenience, runs equally down to the horizon in every 
direction, there would be a central pentagon at the zenith and 
five others running along above the horizon. The zenith 
pentagon would be fully cropped to its pentagon shape, since 
these is an adjacent pentagon against every edge. But the 
other above-the -horizon pentagons have no other pentagonal 
views below them, so for each, the original image in the 
optional image area can be allowed to remain. This has the 
effect of filling in what would otherwise be a zigzag line 
going above and below the horizon, to create a continuous 
level image border well below the horizon line. To make this 
lower border level, the bottom of the keystone shape must 
also be slightly cropped toward its corners, producing a 
gently rounded bottom for the keystone. 

FIG. 88 shows a single pentagon image in a video aspect 
ratio, showing the correction of pentagon edges to their ideal 
shape. This entails an optical warping function changing the 
optical system to rectilinear performance, based on a gno- 
monic projection of the image outward from the center. The 
center of the image and the pentagon is at 80, with the border 
of the aspect ratio at 82. The straight, ideal pentagon edge is 
at 86, and its common curved form is at 88. The dodeca- 
hedral equator is at 90, and the border of the pentagonal edge 
carried down to encompass the optional image area is at 92. 
The correction of the image has the effect of straightening 
this edge out to 94. The area outside the pentagon 964 is 
cropped in the final display. This is fortunate, because the 
effect of the image warping can be to change the border of 
the original aspect ratio by drawing the pixels inward, 
creating blank areas around the outside. 

FIG. 89 shows a representation of the ideal goniotropic 
optical characteristics for the single pentagon image, 
expressed in 3-degree increments of latitude and longitude 
lines on a concentric global field of view. This is taken from 
the point of view at the center of a globe, looking outward, 
with the optical axis elevated relative to the equatorial plane 
in the usual dodecahedral manner by 26.566°. At 966 is a 
longitude line of such a gnomonic projection, with a latitude 
line of the gnomonic projection at 968. Note that the equator 
or horizon line 970 is straight and level, since it, like the 
longitude lines, is on a great circle plane that passes through 
the center of the globe. The latitude lines, however, are not 
on great circle planes, so they have a curvature when 
compared to the pentagon edges, such as 972, which are 
always on great circle planes, so are always straight. 

FIG. 90 shows a schematic representation of an optional 
correction of the equatorial edges of single pentagon images 
to fill in any missing regions caused by the use of lenses with 
fields of view narrower than the ideal. The border of an ideal 
4:3 image is at 974, and at 976 is the boundary of the image 
produced by a lens with a slightly narrower field of view 
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than the ideal, such as the Chinon 3 mm lens on a '/V* CCD. 
The area 978 not covered by this narrower field of view can 
be filled in by using image information from adjacent 
segments, according to a slight adjustment of the bottom 
edges. The uncorrected edge 980 is rotated to 982, so that the 5 
point will lie within the available image area, thereby 
extending the length of the edge 984 compared to its 
uncorrected length at 86, and filing in the area 986, which 
represents one half of the missing point from an adjacent 
below-horizon pentagon which is also recording the outside 30 
area at 988. 

FIG. 91 shows a schematic view of a minimal square 
recording of a single-pentagon image, using a different 
optical center and a smaller angle of view than normal. This 
is useful in especially restrictive formats. In still film 15 
cameras, for example, a special Hasselblad camera is made 
with a 38 mm rectilinear lens for panoramic photography. 
This camera produces a square-format image with a width 
and height of view of 69°, barely enough to fit in a 
dodecahedral pentagon, which extends 69.095151° from its 2 o 
bottom point to its top edge. In order to squeeze in the full 
pentagon when using such a narrow angle of view, the center 
of the pentagon and the center of the image can no longer be 
identical, and a lowering of the center of the camera image 
by 2.8299515° must be made. This changes the elevation of 2 s 
the optical axis for the images representing the pentagons 
above the horizon from the usual 26.565054° to 
23.7351025°. The minimal square area is shown at 990, as 
compared to the usual aspect ratio at 974, and the revised 
center of this minimal square area is at 992, compared to the 30 
center of the pentagon itself (and the usual aspect ratio) at 
80. In general, a slightly larger pentagon area around the 
edges 994 may be included in any cropped pentagon, to aid 
in blending separate pentagons together. 

FIG. 92 shows another type of cropping, designed to only 35 
show areas in above-horizon pentagons that are actually 
above the horizon. At 996 is the dodecahedral equator, 
which is used as the bottom of the crop, with the area 998 
subtracted, according to a masked area 1000 that includes a 
minimum of the original recorded image 974, while main- 40 
taining the same center. If more of the original image is 
included, this keystone mask can be extended towards the 
pole to include the extra area 1002, which is especially 
useful for filling in parts of the upper region if the Zenith 
view is missing. 45 

FIG. 93A and FIG. 93B show a schematic representation 
of the optional image areas in P-format double-pentagon 
images, and how they can serve to fill in a substantial portion 
of any missing image information in the topmost region of 
an overall recorded field of view. A cropping diagram for a 50 
P-fonnat right-leaning dual pentagon image 494 as shown in 
FIG. 93B in an wide aspect ratio, and in the 4:3 aspect ratio 
974, can include an top optional image area 1004, and a 
bottom optional image area 1006. The dodecahedral equator 
is at 516, which bisects the central edge 582. These optional 55 
image areas represent regions within the top and bottom 
pentagons not otherwise covered by the main ring. Similarly, 
a cropping diagram for a P-format left-leaning dual penta- 
gon image 504 in an wide aspect ratio and in the 4:3 aspect 
ratio 974 can include an top optional image area 1008, and 60 
a bottom optional image area 1010. In FIG. 93 A, the 
dodecahedral equator is at 516, which bisects the central 
edge 582. By including these optional areas, the main ring 
of views can also cover most of this missing area. The 
remaining blank area will form a characteristic black star 65 
shape on the top pentagon face 584. This is shown with a top 
view of five right-leaning double pentagons assembled into 
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a sphere, with their top optional areas 1004 reaching into the 
top face 584, and a center on the equator at 580, with an 
indication of the width of the double pentagon image at 496. 

FIG. 94A and FIG. 94B show a schematic representation 
of the optional image areas in X-H format double-pentagon 
images, and how they can serve to fill in missing image 
information immediately below the horizon in an overall 
hemispherical recorded field of view. (In the X-Sphere 
format where six double -pentagons form a spherical image, 
all of the double pentagons are cropped only to their 
pentagonal edges, and there is no such optional image area.). 
Here in the X-Hemisphere format as is shown in FIG. 94B, 
three images make up the hemisphere, two with a horizontal 
orientation and low optical centers at 48 and 50, and one 
with a vertical orientation and a high optical center 52. The 
optional image areas represent those regions outside the 
lower edges 396 and 398 closest to the horizon 394 for the 
two horizontal dual pentagons. In FIG. 94A this optional 
image area along the bottom of the frame is shown generi- 
cally for the horizontal pentagons at 1012. The different 
optional image area for the vertical dual pentagon is shown 
at 400, which runs along the right side of the frame. By use 
of these optional image areas, the overall image coverage is 
extended approximately 10° below the horizon all around, 
with the exception of three distinctive narrow blank 
"notches, 5 ' one on the bottom between the two horizontal 
images at 1014, and two on either side of the bottom of the 
vertical image, such as at 1016. 

FIG. 95 shows the outline of a typical double-pentagon 
image in a wide aspect ratio, showing typical optical 
distortion, related to the same distortion shown earlier for a 
single-pentagon image. Here the straightened edge" of a 
double pentagon 1018 can be seen compared to the distorted 
edge of a double pentagon 1020. 

FIG. 96 shows a representation of typical optical barrel 
distortion in a wide-angle image, as shown by the distortion 
of the lines of an evenly-spaced grid 1022. 

FIG. 97 shows a schematic representation of alternately 
tilted orientations for the recording of double -pentagon 
images in a 4:3 aspect ratio. A generic double pentagon 
image 1024 is shown within a circular lens image approxi- 
mately 140° wide at 1026, which is wide enought to include 
both ends of the double pentagon. Variations of the aspect 
ratio relative to this lens image and the double pentagon will 
be shown. These represent standardized ways of tilting the 
imager. A basic described orientation of a 4:3 aspect ratio 
relative to the double pentagon is shown at 1028, with the 
double pentagon extending from side to side horizontally. A 
rotation by 18° is shown at 1030. A rotation by 36° at 1032 
places the axis of the double pentagon on the diagonal of the 
aspect ratio. And a rotation by 54°, shown at 1034, places the 
top and bottom edges 1036 close to and parallel with the top 
and bottom of the screen. This orientation make the most of 
the available height of the 4:3 aspect ratio, and can be used 
especially in the P- Format, where 90 would represent the 
dodecahedral equator and the photographed horizon, and the 
orientation shown here would represent a left-leaning double 
pentagon. In this orientation, the left and right-leaning 
P-Format images would be extracted from camera imagers 
that were horizontal, instead of tilted by 54°. 

FIG. 98 shows a schematic representation of a camera 
mount with locking positions for these degrees of tilt. This 
type of mount can be constructed with a locking mechanism 
that allows a camera to be rotated to these positions and click 
into place. At 1038 is the basic horizontal position; a rotation 
by 18° is shown at 1040, by 36° at 1042, and a rotation by 



10/15/2003, EAST Version: 1.04.0000 



6,141,034 

75 76 

54°, shown at 1044. A rotation by 90°, at 1046, places the video frames in the frame buffer are divided into twelve 

imager in a vertical orientation. If the cameras are arranged equal areas, representing the twelve facets of a dodecahe- 

in the P-format wheel of five cameras, this vertical orienta- dron. The adjoining top edge of the Z pentagon and the A 

tion will make a horizontal panorama in the traditional pentagon is shown at 1074. The labelling of the facets 

manner, with vertical edges between the segments. 5 follows a roughly clockwise sequence from the top facet to 

FIG. 99 shows a representation of five pentagon images £ e ^f tom f a <f • ^ arrangement for the pentagons allows 

represented as tilted facets in a 4:3 aspect aspect ratio 1048. the image > l ° ] * aS Dear 35 \T t * 

ttT- ... f u ■ • f ■ *u eacD other, so a viewer can easily perceive relationships 

Tins is a simple way of banging pentagon unages together a (he Qts jf , h are ^ 

for viewmg with a minimum of image processing. By pe nUgonal edges could include an extra area sufficient for 

swuchuig between groups of unages, one can look around «> blendin ^ ed of f ^ e 

within an overall spherical image using preset increments of > , ° , . , . ° Cl , , 

rrn • 1 , i L / . j.l template can also be viewed as consisting of two halves, one 

motion. The side pentagons 1050 have to be compressed the u„ir imc »u * c c *u i. u • 

. t , v , & 4 , iL , , . ^ 4 half 1078 containing the information for the above-horizon 

most to make the edges match: the above-horizon pentagons _ . „^ „ . .r t „ . 4 ift ,, , 

„„„ .. , . 6 , , ' . , „ pentagons such as the top Z pentagon at 1066, and the other 

1052 are tilted less, and the central pentagon 1054 is hardly r„ lf 1Aen tU • e *■ * *u u i u 

• i • » i , jj i C halt 1080 containing the information for the below-honzon 

tilted at all. An alternate three-up and two down arrangement 15 „ . „„ t . „ KT 4 1A _- 

. , j . ■ * . • i . pentagons such as the bottom N pentagon 1072. 

can also be used, and a portion of the sixth pentagon for the - M . . , ^ 

full hemisphere can also be displayed. FIG * 103 1 sho ^ s a u wide-aspect-ratio 9:16 aspect ratio 

. , . . - storage template for the condensed storage of up to twelve 

FIG. 100 shows a schematic view of a sequence of ten 4:3 video ^ containing single identified pentagons, 

single pentagons arranged in a circular virtual sequence Each of these pentagons is surrounded by the optional image 

representing most of a spherical field of view, along with a area t0 encode additiona l pentagons, such as for a stereo- 
honzontally movable region of interest. This is another view ^ cropping to a pentagonal border shown 

simple means of viewing most of a spherical image, and here can done beforehand, as this video image is assembled, 

does not involve any image processing such as tilting. To or later> during lhe final dodecahcdral display of thc pcnta . 

make a ^continuous .panorama, image segments such as 1056 gons If it fa done later> then such outside mas ^ Qm be 

and 1058 are held m a virtual memory, ready to be called up allowed t0 remain for lne time beingj ^ the videQ ffame win 

to appear 1060 as part of a movable region of interest, shown appear simply ^ a grid of contiguous ^ storage 

at 1062, and in an alternate position at 1064. template can als0 be viewed ^ consisting of two halves> one 

COMPRESSED STORAGE TEMPLATES containing the information for point-down above- 

3 q horizon pentagons such as the top Z pentagon at 1066, and 

For recording and distributing pentagonal images, such as the other half 1080 containing the information for point-up 

on video, a separate recorder and playback device can" be ~ below-horizon pentagons such as the bottom N pentagon 

used for each camera image, or camera images can be 1072. If only a stereoscopic hemisphere such as a dome 

combined into a single storage medium, and then separated projection is desired, then both of these halves could contain 

for subsequent display. This usually involves some com- 35 the point-down pentagons. 

pression of the image and subsequent loss of resolution, and FIG. 104 shows a schematic diagram showing the rela- 

a more complicated process of image retrieval and reorga- tionship between a video aspect ratio 974 of 4:3 and a square 

nization for display, but these disadvantages can be made up 1084 containing a central pentagon area. At 1082 is the 

for by the ease of distribution of such combined multiple- border of an intermediate form of cropping that is wide 

pentagon images on existing single-system playback media 40 enough to include the optional image area extending outside 

such as videotapes, optical disks, and digital media for data the pentagon to make the characteristic keystone shape. This 

distribution. Each template shown here is based on blocks intermediate cropping shape can also be used as the basis for 

such as standardized squares or rectangles, each containing multi-pentagon storage templates. 

one pentagonal image. This arrangement greatly simplifies piG. 105 shows a storage template in a 4:3 aspect ratio for 

the transfer of the video image data, because computer 45 condensed storage of a full spherical video image in twelve 

systems usually are designed to block-transfer whole squares containing single-pentagon images. The 4:3 aspect 

squares or "tiles" at once, rather than read out individual rat i 0 shape of this storage template 1086 allows for the 

raster lines within each. While full-sphere storage templates recording of the essential pentagon information within a set 

are shown here, it will be understood that other templates 0 f squares. 

based on smaller numbers of pentagons are possible, such as 50 FIG. 106 shows a storage template in a 1.5:1 aspect ratio 

templates based on common four, six, eight and ten- for conde nsed storage of a full spherical video image in 

pentagon groups. twelve dodecahedral divisions, according to the Arno Peters 

FIG. 101 shows a flattened view of the pentagonal facets global projection. This projection of a globe has the advan- 

of a spherical field of view, identified by standardized letters. tage of relatively equal area everywhere on the global map. 

The top Z pentagon 1066 is shown, along with the above- 55 For a map of the world, for example, the areas of the various 

horizon pentagons 1068, which start with the A pentagon countries in the world are shown in their correct sizes, 

* whose top is contiguous with the top edge of the Z, and runs without exaggerating the size or importance of those in the 

clockwise to E. The below-horizon pentagons 1070 are then northern hemisphere, as is usually done, with consequences 

shown, beginning with F, still in a clockwise direction to world history. Because this world projection keeps these 

relative to E, and continuing to J. Finally, the bottom of the 60 areas in balance, it has been endorsed by the United Nations 

N or Nadir pentagon 1072 is contiguous to that of the J and other organizations. For working with a global image, 

pentagon. This edge is directly opposite and parallel to the the effect would be a minimum of change in the resolution 

A-Z edge. of the source image, so not as much subtraction and inter- 

FIG. 102 shows a square storage template 1076 for polation would be necessary to display the images together, 

condensed storage of a full spherical video image in twelve 65 This would make such a map need to have somewhat fewer 

sections containing single-pentagon images, showing the pixels than other types of global projections. Therefore, 

individual facets and how their edges match. Here the 4:3 despite its tendency to distort shapes in an unfamiliar way, 
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it could be the preferred form of displaying the overall Current developments in video compression technology 
spherical image. At 1088 are latitude lines and longitude are changing the face of braodcasting. The adoption of the 
lines mapped according to the Arno Peters projection, and at Grand Alliance system for digital high -definition broadcast - 
1090 is the side of a pentagon, which in this projection is ing means that even a 1 GBps HDTV signal can be corn- 
made to be a vertical line following the alignment of the 5 pressed into a 19 Mbps signal carried over a 6 MHz channel, 
meridians of longitude. The dodecahedral equatorial edges Groups of standard definition television signals can be fit 
are shown at 1092. The top edge of a pentagon is shown at mto tn is bandwidth as well. Other advances such as C-Cube 
1094 displaying a characteristic curve because, unlike the Microsystems (Milpitas Calif.) and Scientific- Atlanta's 
parallels of latitude, it is a great-circle route. The top edge (Atlanta Ga } multi _ chamie i MPEG satellite video delivery 
of the A and the Z pentagon is at 1074. 1(J system for viacom networkSf and the D i giC ipher II system 

FIG. 107 shows a storage template for the condensed fr om General Instruments, have expanded the number of 
storage of multiple pentagons in an anamorphicaliy- stations available to a cable or satellite subscriber to over a 
squeezed 4:3 single-pentagon format, 1096 showing the thousand, so it is now economically possible to devote even 
extraction of up to six separate pentagonal views. An eleven channels, for instance, to the transmission of separate 
anamorphicaliy squeezed first pentagon is at 904, an 15 par ts of the same dodecahedral image. With a tuner capable 
anamorphicaliy squeezed second pentagon at 908, and an 0 f receiving these multiple channels and sending them to the 
anamorphicaliy squeezed outside third pentagon is at 912. appropriate parts of the virtual viewing system described 
These are decoded and extracted into a reconstituted first earlierj lherl viewers everywhere can have their own unique 
pentagon 1098, a reconstituted second pentagon 1100 and a Hve experience of looking around within the same wrap- 
reconstituted third pentagon 1102. In addition, if field or 20 around vi ew viewers everywhere could share an 
frame-alternate signal recording is used, then an additional experience such as walking on the face of Mars, with 
set of three related pentagons 1104 can be recorded, eve ryone free to look about in any direction they like, 
although the overall per-second resolution of the extracted With the upcoming deve lopment of small, high-capacity 
pentagons is necessarily cut in half. slorage deviceSj dodecah edral immersive programming 

FIG. 108A shows a schematic view of a 4:3 storage 25 could be d i sl ributed as a type of multimedia program, even 

template 1106 for up to four anamorphically-squeezed 4:3 for home consumers. CD-ROMs have already become a 

images 1096, along with a second set in FIG. 108B 1108 for standard for such programs, and other, even smaller storage 

additional views such as for 3-D. This second set can be devices are forthcoming, including solid-state memories, 

done by a separate channel of information, or by field or HD-ROMs, miniature hard disks based on the Personal 

frame-alternate multiplexing of the original signal. 30 Computer Memory Card International Association 

FIG. 109A shows a storage template for the condensed (PCMCIA) standards, high capacity Digital Videodisks 

storage of a stereoscopic spherical video image in the P (DVDs) and especially Digital Video Cassettes (DVCs). For 

double-pentagon format, showing the right-eye and left-eye a video standard, the usual NTSC (or PALor SECAM) video 

views extracted from the right-leaning pentagons 500 along could be used, cropped to the wide-screen aspect ratio, 

the top half of the frame, and the left-leaning pentagons 506 3 5 HDTV (in whatever standard finally emerges) could be used 

along the bottom half of the frame. Some optional image because it has higher resolution, and an aspect ratio better 

areas along the top and bottom of each image can extend into suited to double-pentagon images. For less expense and 

the empty space along the top and bottom of the frame. The lighter-weight equipment, while using the same wide aspect 

right eye portion of a right leaning double pentagon is at ratio, one of the new 525 -line wide-screen systems currently 

1110, and the left-eye portion at 1112. Similarly, the right 40 being developed could be used. Any extra manipulation of 

eye portion of a left leaning double pentagon is at 1114, and the video image can be done as a separate step later in a 

the left eye portion of the left leaning pentagons is shown at studio, so all that is needed in the field are the cameras and 

1116. How these are put together is shown in FIG. 109B. At any necessary image recorders, 
494 is the area of an original recording of the right-leaning 

double pentagons, and 504 is the area of an original record- 45 DISPLAY MEANS 

ing of the left-leaning double pentagons. From these images, There are three main methods of viewing a composite set 

two sets of composite views are created in a separate set of of dodecahedral images, front projection on a dome, rear 

frame buffers, where 1118 represents a composite view projection on a dome or globe, or virtual viewing. The first 

viewed by the left eye, and 1120 represents a composite two methods relate to the display of the dodecahedral image 

view made to be viewed by the right eye. Typically image 50 through a matched set of projectors, and aligned in the same 

information is extracted from several sets of double- way as the cameras, and the third method displays the 

pentagon images at once in order to make the composite images through a computer memory without the use of 

views. When looking at a virtual spherical image, the projectors. 

selected pentagons will change as the region of interest FIG. 110 shows a summary diagram of three possible 

roams around the available sphere. 5s ways of viewing the information representing a spherical 

To prevent the loss of resolution inherent in the condensed field of view, here shown as a six pentagon hemisphere 1122 

storage of multiple images in a single video signal, the and with additional pentagons 1124 for a more spherical 

separate dodecahedral images can be replayed as separate image, including an ideal central viewpoint 1126, a point of 

television signals. For efficient, if slow, transmission of these view from inside a dome 1128, and a point of view on the 

separate images in a single television signal, the image 60 outside of a translucent dome or sphere 1130. 

frames can be multiplexed in sequence, with this television In the first method of viewing, front projection is done 

signal then stored on a storage device such as a high capacity across the interior of a spherical dome and viewed by an 

random-access memory which allows the multiplexed interior viewpoint 1128. However, a floor or an audience 

frames to be replayed at a later time in parallel channels to would tend to limit such a dome display to a hemisphere of 

the viewing device. For real-time live viewing of the sepa- 65 six pentagons or less. A recording of a spherical field of view 

rate dodecahedral image signals, these separate signals can is at 1122, representing the maximum 200° field of view 

also be broadcast as separate television channels. available with six pentagons. 
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The second method of viewing would be to view the the extracted region of interest 1154. The use of additional 

image through rear projection onto a translucent screen pentagon channels 1156 will increase the receiver, memory 

according to a viewpoint such as 1150. With a dome, this and processing requirements of the device, but could lead to 

would mean being able to view only half of a hemisphere, greater resolution in the extracted image, and reduce the 

or roughly one-quarter of a sphere. But rear projection has 5 need for the decompression and demultiplexing, 

the advantage of also allowing the viewing of a more The Virtual Viewer can also be used for the viewing of a 

completely spherical image projected on the interior surface panoramic 3-D image. Here the virtual viewer consists of a 

of a globe, called a Teleball™ or GloBall™, so that the linked set of digital frame stores for the left and right-eye 

audience could view it from the outside. The extended views, coupled to a head-mounted display and, if desired, a 

region below the horizon from additional pentagons, up to io spee d control. The digital frame stores contain the digitized 

twelve, is at 1124. Again, the amount of visible area would pentagonal images of the camera views for a given moment, 

be limited to a hemisphere, along with the characteristic divided into left-eye and right-eye views on the HMD. 

distortion of a globe, unless the audience moves around the Moveme nt in time can be controlled by the speed of 

globe or the globe rotates. playback of the recording. When watching a immersive 

The third method of viewing is to map the images into a is recording 0 f the Louvre, for instance, a person might want 

virtual sphere for viewing through a virtual reality HMD t0 g0 forward or pause depending on what they are seeing, 

display system such as the Virtual Viewer™. This takes control can be dorje by a separate playback speed 

advantage of the ideal viewpoint at 1126, and allows one to control that determines the rate at which the playback 

look at the total spherical image in every direction. machines are supplying digital video information to the 

VIRTUAL VIEWER 20 frame store. Since all of the playback machines are playing 

™„ in . Li- * *■ * i back in synchronization, a single control of the master sync 

FIG. Ill shows a symbolic representation of a virtual J . , . „ \, t . j j ^ c .1 • 

* , * m j • , r f .'leu or speed control is all that is needed. Because of their 

viewpoint 1132 established in the center of a spherical field » «u tu«i , a ^u W .uvuiu* mwi 

c . r l ■ *l • * c .11 j t*i_ * variable-speed qualities, videodisk machines are preferred 

of view, wherein the viewer is free to look around. This . , r . . \ ' ,. u . 4 . , r c , 

spherical field of view is shown with its characteristic 25 aS P ayback dev.ces The digitization and access of large 

j j ij i j * • * n,, », K * i . • quantities of video information can be time-consuming; for 

dodecahedral divisions 1134. Multiple-pentagon views, M — . , ° c 

, . - • . » l *l j w J maximum efificiency and optimum performance, two sets of 

whether from a combined source such as those described frnma . lirf ~ _ , ' , /, • nn ' , , 

, £ .-j- ji i_rj-* frame buffers can be used, one being accessed by the 

above or from separate individual sources, can be fed into a . , . . , , 4 , tT wrx j *u *u en- t j 

r , _ ? li j- i ■ l iL . .1. wmdow determined by the HMD, and the other filling based 

frame buffer, preferably digital, m such a way that they are . c - , . , . , „ 

>r j & » j j on the information from the playback rate control. Because 

made contiguous and surround the viewer, described previ- 30 i j_ i • j c iL • i_ 

i l *l a i- . • i ■ ,. \. t( ,r^ i playback is done from a pre-recorded scene, there is much 

-ously by the Applicant m a pending application as a Virtual . r 

J ' „ Jf r . a j • j \ i u u jJ " •" * - tess visible lag in response time to viewer movements, as 

Viewer™. The buffers are designed through addressing to , t ? \ t * j" i f» 

, • , . n- -.i. j- , * »■ compared to the usual computer-generated virtual reality, 

be circular buffers, with adjacent pentagons contiguous l • .l l*l *• i ^ ^ . ^ c 

i i rL. , n J / . ? - , wherein the scene has to be continuously recalculated for 

along every edge. This defines a virtual three-dimensional . ' 

structure analogous to a dodecahedron; such a three- 35 

dimensional construct out of memory segments is done SELECTIVE DECOMPRESSION 
through addressing control, so that one is free to move from 

pentagon to pentagon in every direction. When viewing multiple pentagonal images forming a 

FIG. 112 shows a block diagram of the components of a virtual sphere around the viewer, it is important to present a 

multi-channel codec for the construction of a surrounding 40 region of interest with as much resolution as possible, to 

virtual field of view and the display of a region of interest present the most convincing picture. However, if all of the 

therein. At 1136 is a receiver for a composite dodecahedral images are held in the frame buffer at full resolution, then 

image, consisting of one or more channels of information this requires an enormous amount of memory. Usually data 

representing the segments of an overall panoramic image. A compression techniques are used to reduce the amount of 

codec for the separation of this image into its constituent 45 data required for a digital image. These data compression 

segments, such as the decompression of multiple channels or techniques can be used to create the compressed multiple 

the demultiplexing of multiple pentagons, is at 1138. The images stored in the twelve-square and six-square templates 

extracted pentagon information is shown as separate chan- described above. The most common format for this com- 

nels at 1140. Either all of the available information is pression used for still images is called JPEG, while other 

extracted and stored, or, for maximum efficiency and mini- 50 techniques have been developed for motion images, includ- 

mum space and bandwidth requirements, only the pentagons ing MPEG, Px64, DVI, wavelets, FST (Four Square 

that will be required are extracted. The required pentagons Transform), and fractal compression. Fractal compression, 

are selected 1142 corresponding to a specified mobile field although computation-intensive on the compression side, 

of view, and pieces of the pentagon information are further seems to offer the best hope of reconstituting the full 

selected 1144, according to a control signal 1146 specifying 55 complexity of an original pattern from its compressed 

the dimensions of the desired region of interest. The center version, and allowing for a "fractal zoom" which simulates 

of the gaze of the person viewing the image defines the constant resolution even as one zooms into the image, 

center of the window of information extracted from the The dynamic use of a heierarchy of resolutions is included 

whole. Typically the window will include all or part of in many popular image formats, such as Kodak's Photo CD 

seve ral pentagonal sections (an eye *s field of view is usually 60 methods for encoding still images. The display of the 

a total area of about four pentagons). The movement of this pentagon information can vary according to the speed of 

region of interest can be done through a joystick, or a similar movement in the image, such as is done with Apple's 

serial control device, or by means of the movement of the Quicktime VR, which uses a lower resolution, highly com- 

tracker in a headraounted display. These image fragments pressed format for the images when they are in motion, 

are sent to a viewer buffer 1148 for compositing into a 65 because of the processing requirements for such image 

composite image signal 1150, sent to a display device 1152, updating, and switches to a higher resolution when the 

such as a monitor or a head -mounted display, which displays image is still. 
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To allow maximum resolution in the displayed image 
from a frame buffer of moderate size, the answer is to 
selectively decompress only that portion of the frame buffer 
included in the region of interest. This selective decompres- 
sion of the region of interest can also reflect the higher level 
of resolution in the center of the field of view characteristic 
of human vision. Therefore the center of the region of 
interest can have a greater resolution than the periphery. This 
higher resolution can be based upon selection from a pyra- 
mid of available resolutions, as described in "Networked 
and Large Image Archives: The Storage and Management 
Issues" in Advanced Imaging January 1993. 

PROJECTION MEANS 



10 



15 



25 



30 



35 



The display of pentagonal images on a screen enables 
many applications to expand to include wide-screen views. 
Here a variety of projectors will be described, with single- 
pentagon projection shown as an example. However, it will 
be well understood by those versed in the art that analogous 
projection according to the disclosed double or triple- 
pentagon formats can also be done. 

The screen upon which any dodecahedral image is pro- 
jected should be curved, to approximate the original spheri- 
cal field of view the images represent. This curved screen 
can be something found in a special-purpose dome theater, 
or a more temporary kind of screen. 

FIG. 113A, FIG. 113B, and FIG. 113C show cross sec- 
tions of a small personal dome projection screen, capable of 
being assembled in sections, for displaying the image cre- 
ated by a compact central dodecahedral projector for full or 
partial dome views. In FIG. 113Aat 1158 is the height of the 
average room ceiling, and a compact dodecahedral 
projector, such as the modular projectors described later, is 
as 1160. The projected image 1162 in the first case is cast 
onto a screen representing one or more above-the -horizon 
camera views 1164. These above -horizon screen segments 
are supported by a support frame 1166 that stands on the 
floor. By adding together screens and projections an appar- 
ent field of view of one or more pentagons 1168 in a simple 40 
panoramic horizontal sequence is created. The fewer the 
number of segments, the smaller and flatter the image, so 
that even an observer standing away the center of the sphere 
1170 will see it as relatively undistorted. 

The image information coming to this and other forms of 45 
video projectors can come live from a compatible dodeca- 
hedral camera 1172 in another location 1174, recording 
another subject 1176 and sending the video signals and any 
related sound through appropriate transmission means 1178, 
including any necessary codecs, along the transmission lines 
1180 to the projector 1160. Existing twisted-pair telephone 
lines have a limited bandwidth, but satellite transmission 
and new fiber optic lines can carry much more information, 
and thus are more suited to full-motion color video images. 
At the same time, another camera can be recording the 
reaction sound and image for transmittal in the other direc- 
tion. Videoconferencing with such wide-screen views would 
enable the viewer to experience the feeling of being in the 
room they are talking to, in a size closer to life-size, and free 
to look around and see much more than could be conveyed 
by a narrow conventional rectangular view. 

Modular additions to the screen and any compatible 
camera will expand the displayed overall field of view. As 
shown in FIG. 113B, a top screen module 1182 can be 
attached by its support frame 1184 to the above -horizon 
segments to create a more encompassing field of view of 
three to four pentagons 1186, which is best seen undistorted 
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by a seated observer 1188 located closer to the center of the 
dome. As shown in FIG. 113C, with a further added support 
1190 to bridge the connections all around, additional above - 
horizon screen segments 1192 can be added, each with its 
support frame 1194, to create an apparent field of view 1196 
up to a full hemisphere of pentagons, projected by a six 
pentagon projector, and created by a set of compatible live 
or prerecorded video sources. 

GLOBAL PROJECTOR 

The global projector is here presented in four versions. 
The first is a version for the projection of still film trans- 
parency slides. The second is used for the projection of 
moving images using LCD panels. Both of these versions 
can use a single internal light source. But an alternate form 
has the light source outside of the main body of the 
projector, with the light being channeled into the projector 
through fiber optic light guides. This has the distinct advan- 
tage of removing almost all of the heat and the electric 
power from the interior of the projector to a source outside 
of the projection screen which is attached to the other end of 
the fiber optic cables. The third version uses Digital Multi- 
mirror Devices to create the video image image for 
projection, preferably using light sources surrounding the 
projection array and facing inward. The fourth version of the 
projector presents video images through cathode rays, either 
on small CRT screens shining through projection lenses, or 
by directly exciting phosphors on a spherical projection 
surface. 

The first version of the projector, for slides, presents a 
transparent image plane through which light passes for the 
projected image, like the LCD version. Unlike the LCD 
version, which can present a moving video image, the first 
version uses film slides as the transparent image plane. 
These are held in place relative to the projection lens and the 
light source in much the same way as the LCD panels. These 
can give a higher resolution projected image for less cost 
than the LCD panels But changing the image for this 
projector requires a specialized system of hinged slide 
mounts and a transport that allows them to be exchanged. 

SLIDE PROJECTION 

If still cameras such as those with slide film are used for 
photographing a set of single-pentagon view s, then such a 
set can be grouped for simultaneous projection using a 
special slide mount. In this case, the transparent images are 
grouped around a central light source, and the light radiating 
out through the slides creates a projection of the overall 
scene. 

FIG. 114 shows a flattened top view of a hinged slide 
mount for six single -pentagon slides representing a hemi- 
spherical view, wherein the slides are hinged to a central 
view. Opaque plates hold the slides for projection. The 
central pentagon plate 1198 carries the slide representing the 
Z view. Another plate 1200 with the B view is attached to it 
by means of a hinge. These hinges should be flanged so that 
they do not swing beyond the horizontal; in this way, the 
plates will flatten out to a horizontal plane that can be lifted 
as a unit by an outside edge. For further ease in 
manipulation, the hinges can be made to lock, so the set of 
slides will form a rigid unit until it enters the projector, at 
which time the projector touches the releases for the hinges, 
causing them to swing free. 

On each plate is a slide mount 1202 holding the slide 1204 
in a precise and secure position. These mounts can either be 
designed to positively lock slides in place, or be guides that 
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allow slides to be slid into place and held by tension. The images added below the horizon for a nearly spherical 
edge 1206 of each plate is bevelled to an angle of appro xi- image. This arrangement has the advantage of being a 
mately 58.28°. The cropped pentagonal image area on each symmetrical, spiral expansion of the earlier arrangement, 
slide 1208 is concentric with the face centers of the and adaptable to an overall spiral contraction and expansion 
dodecahedron, and represents a dodecahedron face. This 5 mechanism for projection. An above-horizon plate is shown 
cropping can be the result of a matte applied to the image at at U q 0 ^ this case the B view> ^ the distance between 
the time of film development or duplication, or by a hard the bevelled edges at 1212. An additional outside below- 
matte which is part of the slide mount or the projector. This horizoQ late at 1236 for the G view> holds a below . hori2on 
cropping should have a soft edge; for a hard matte, the sIide . 123g ^ of these , ates afc b fat 

amount of sharpness is a result of its distance from the image ♦ *l * i *u j j i_ j i * ? 

, rr. ^ t , . u u i • *u io together to make the dodecahedral arrangement for 

plane. The opaque pentagon plates can have holes in the area . A . , , ,, . , <• , • , •« i« • 

of the pentagon area of the slides; and these holes can be Projection, the beveUed edge 1240 of this plate will adjoin 

pentagonally-shaped, and thus be the hard mattes for crop- the corresponding edge 1242 of an adjacent outside plate, 

ping. Note that the outline of the pentagon image is con- PIG. 118 shows a flattened top view of an alternate hinged 

centric to the outline of the pentagon plate. A shaded area of slide mount for a nearly spherical image. This arrangement 

extra optional image area outside of the pentagons is also 15 has a narrower width, and features two attachments of two 

shown. An adjacent plate (here with the A view) at 1210 also plates each to plates from the central group. Plates such as 

has the same bevelled edge. When the distance 1212 at 1244 and 1246 are attached in this way, and when the 

between the bevelled edges is closed by the plates being various edges are brought together, edge 1240 will adjoin 

brought into contact with each other, then the bevels keep edge 1242. 

the plates in the .proper dodecahe<fral alipments represent- 20 Fof double . pentagon photography on film, a special 

mg the faces of a dodecahedron. A pull pin knob 1214 is doubl t ^ slide ^ cto f ca F „ ' ako be used In ^ prin . 

used to manipulate the entire array, and a registration notch . . 4 ,f P t [\ , J . . / 

1216 is used fo register the slides in the projection apparatus. ?ple tms Projector would be the same as the single-pentagon 

FIG. 115 shows a flattened top view of an alternate hinged fc T at ? ro J ect ° r ' but here ™? halfof ^ e of slides 

slide mount for six single-pentagon slides representing a 25 and projection lenses would be required to achieve the same 

hemispherical view, with the above-horizon slides mostly coverage ot a spherical view. 

hinged to each other instead of to the zenith plate. While not FIG. 119 shows a flattened top view of a hinged slide 

as simple as the first version described here, this arrange- mount for three double -pentagon slides photographed 

ment offers a narrower overall height. The semi-isolated top according to the X-Hemisphere format, representing a hemi- 

plate is shown at 1218, and the hinged edge between 30 spherical view. The various slide mounts are hinged and 

adjoining above-horizon plates is at 1220. In a projector for attached to a central plate 1248. The upper hinged plate 1250 

such slides, points"1222~and 1224 would be drawn inward to for the upper slide 1252 represents the vertical double 

meet at point 1226, thereby forming the same semi- pentagon, here shown with a mask 1254 including its 

dodecahedron shape for projection described above. optional image area. The lower slide plate #1 1256 and lower 

FIG. 116 shows a special type of projection mechanism is 35 slide P late # 2 I 258 are also hinged to this central plate, 

used for the projection of a group of single pentagon images, preferably by flanged hinges that do not swing beyond the 

such as a slide group shown in FIG. 114 or FIG. 115. The horizontal; in this way, the plates will flatten out to a 

path of the slide group is between the inner spherical horizontal plane, and the entire slide mount can then be 

enclosure 1228 and an outer enclosure 1230, which is pulled ufted ^ a u^ 1 - F°r further ease in manipulation, the hinges 

away from the inner enclosure to allow space for the 40 can be made to lock, with a release that is activated during 

movement of the slide group. As the slide group passes over lne actual loading of the slides into the projector, such as 

the top of the projection light and stops at the registration when the registration pin of the projector enters a registra- 

pin, the outer enclosure moves toward the inner enclosure, uon notcn I 260 m tne central plate. Here also the side double 

thereby conforming the slide group to the curve of the inner pentagons are shown as including their optional image areas, 

spherical enclosure and locking it in place, causing the 45 FIG. 120 shows dual partial cross sections of a slide 

pentagon plates to come together along their edges to form projector for the above mount, showing the registration pin 

a semi-dodecahedron, with the light source 1232 at its 1266 and the central light source 1268. The first partial cross 

center, and the images representing the pentagonal sections section, according to the line at 1262, shows the upper slide 

of a spherical field of view each shining out through a 1250 falling into place according to a support 1270, so that 

projection lens located along the optical axis perpendicular 50 the optical axis for projection 358 will pass throught the 

to the center of each pentagon image. After the projection is center of the vertical double pentagon. The second partial 

over, the outer enclosure moves away from the inner cross section, which is according to the line at 1264, shows 

enclosure, thereby allowing room for the slide group to be the registration pin, which in fact is off-center from the pole, 

pulled out of the projector by the push/pull pin 1234, and shows one of the two lower slides 1256 falling into place 

flattening out as it goes back to its original position in the 55 according to a support 1270, so that the optical axis for 

stack. The push/pull claw then disengages, and advances to projection 422 will pass through the center of the #1 side 

the next slide group in line. horizontal double pentagon. 

The most common form for such slide projection should FIG. 121 shows schematic side views showing the 

be a maximum of six slides, for a hemispherical view. Below sequential manipulation of the slide mount in a slide pro- 

this, the projected image will begin falling on the audience. 60 jector suitable for X Form at double-pentagon images. The 

However, if this is not a problem, and if the five pentagons slide mounts a re normally held in a flattened position 1276, 

below the horizon are photographed, then additional plates such as when they are stacked with other such slide mounts 

with slides can be added to the mount, also by hinges. The in a receptacle 1278. For convenience, such a stack could be 

optimum form for this is to attach them to the outer edges of a rotary arrangement such as is found in a Kodak Carousel™ 

the pentagon plates, as in the following illustrations. 65 slide projector; or the stack could be linear. A push-pull claw 

FIG. 117 shows a flattened top view of a hinged slide 1274 attaches to a manipulation knob 1272 on the slide 

mount for single-pentagon projection, showing additional mount, by means of which it is lifted out of the stack and 



/ 



10/15/2003, EAST version: 1.04.0000 



6,141,034 



85 



86 



drawn into the projection apparatus along a path 1280. 
During this intermediate phase, the plates of the slide mount 
bend inward, as the plate edges follow a curving path 
defined by a curved guide 1284 leading into the interior of 
the projector. At the apex of the slide mount's travel 1280 
across the inner curved support 1282, its forward progress is 
stopped by a post 1266 which goes through a slot 1260 in the 
mount to a central hole. The releases for one or more plate 
hinges can be along this slot, to be activated when the post 
slides into the slot, thereby allowing the plates to swing 
down. A light source 1268 is at the center of a the curved 
enclosure 1270 with an outer enclosure 1286 that raises to 
admit the slide mount and its slides. The outer enclosure then 
moves downward, thereby locking the slides into position 
perpendicular to three optical axes: two 31.717473° above 
the dodecahedral equatorial plane, and the third axis with a 
declination of 31.717473° down from a line perpendicular to 
this plane and equidistant from the others, in the character- 
istic "two down, one up" pattern of the X-Hemisphere 
format, also shown in FIG. 120 and FIG. 29. Light from the 
center shines through the three transparencies along these 
optical axes and passes through three associated double - 
pentagon wide-angle lenses, thereby projecting three con- 
tiguous double-pentagon images of the proper size on a 
concentric dome screen. 

After the projection is over, the process is reversed; the 
outer enclosure 1286 moves away from the inner enclosure 
1282, thereby allowing room for the slide group to be pulled 
out of the projector by the push/pull claw 1274, flattening 
out as it goes back to its original position in the stack. The 
push/pull claw then disengages, and advances to the next 
slide group in line. 

An alternative slide projector using the X-Sphere format 
could project up to a full spherical image. Of course, such an 
image would also be projected onto any audience member 
inside the projection space, and onto any floor or support for 
such an audience member. To avoid this, the most likely use 
for such a projector would be in projecting an image from 
within a translucent sphere viewed from outside, such as an 
image of the Earth. If a full spherical image is desired, then 
a variation on the above slide mount should be used which 
can hold up to six double -pentagon images. 

LCD PROJECTOR 

The second, LCD panel version of the projector, uses 
individual Liquid Crystal Display panels to display the 
individual portions of the overall image, including an image 
in motion. The preferred embodiment uses active -matrix, 
high resolution display panels. One example is the Sony 
LCX007 AK panel, which is capable of displaying both the 
usual 4:3 aspect ratio used for single pentagon images and 
the wide -screen 16:9 aspect ratio more suitable for the 
display of double-pentagon images. Other LCD panels may 
be used, but usually the 

smaller the panel, the less the resolution. Small LCD 
video projectors such as the Fujix Compact Video Projector, 
the CompView "Lotus" and the Panasonic PT-10L video 
projector are suitable for grouping together to project a 
composite dodecahedral image. An even more compact 
modular projector of LCD panels and a central light source 
is described in the earlier patent, and in more detail here. 
Advanced LCD panels capable of displaying full-motion 
video include the fast passive-matrix panels of Sharp, Sony 
and other manufacturers. A modular LCD projector such as 
this can be compact, lightweight, and easy to manufacture, 
and lend itself to spectacular new forms of video projection, 
such as animated video globes and portable dome projec- 
tions. 
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FIG. 122A, FIG. 122B, and FIG. 122C show oblique, top 
and bottom views, respectively, of a dodecahedral LCD 
projection module. As shown in FIG. 122 A, the LCD 
projection module 1288 has beveled edges 1290 that match 
the dodecahedral dihedral angle of 58.28°. Thus they will 
form a dodecahedral solid when they are brought together. 
Each module has a projection lens 1292. This lens should be 
designed to correctly reproduce the pentagon edges as 
straight lines on a concentric spherical projection surface. As 
shown in FIG. 122B, the lens mount 1294 can be of a 
common type to allow for the use of off-the-shelf lenses if 
possible. As shown in FIG. 122C, the lens is centered over 
a pentagonal image area 1296 which represents the center of 
an LCD panel 1298. The edges of the pentagons can be 
cropped in the input video signal, or can be physical masks 
in the path of the light, in the manner of the frame masks in 
conventional projectors. While the use of electronic masking 
of the outside image area 1300 means that such cropping 
must be added to every video image that passes through such 
a projector, physical masks cannot be changed as readily as 
electronic masks, and tend to produce a moire* fringe of light 
near the edges which interferes with proper mosaicking of 
images together. 

FIG. 123 shows a conventionalized cross section of a 
modular dodecahedral LCD video projector with a central 
light source for a hemispherical image. This form of single - 
pentagon cross section is easier to understand visually than 
a strictly accurate dodecahedral cross section, which tends to 
look wrong because it is asymmetrical, and includes sections 
through both edges and faces. At 1302 is the active image 
area of the LCD with a single pentagon field of view at 1304. 
An adjacent module is shown at 1306. A central light source 
1308 simultaneously shines out through the various 
modules, each using a condenser lens 1310 to concentrate 
the light in the LCD image area. The light then passes 
through the projector lens to illuminate the projection 
screen. Opaque side walls on each module 1312 prevent 
light scatter between them. 

FIG. 124 shows a silhouette view of a modular dodeca- 
hedral LCD global video projector and a concentric global 
projection surface, made to be viewed from outside, such as 
at 1130. The central compact dodecahedral projector is at 
1314, with the spaces between the projected images at 1316 
gradually diminishing to zero (or slightly overlapping) by 
the time the projected image reaches the concentric spherical 
projection screen 1318. The seams between the images 1320 
can be disguised by a blending of the images through either 
electronic or physical masks. A support member 1322 sup- 
ports the projector, and carries the necessary cables for 
signals, air, and light 1324 into it. Not shown are the baffle 
plates that would likely extend outward from the central 
projector, following the spaces 1316 between the projected 
segments, in order to catch any back-reflections from the 
projection surface that would contaminate the other images. 

FIG. 125 shows a conventionalized cross section of a 
modular LCD global video projector with a central light 
source and projection lenses such as 1292, showing support 
legs for the projector 1326, and extensions of the legs toward 
the central light source 1328. As long as these extensions are 
located in line with the dodecahedron vertices, they will not 
cast shadows on the projection screen, and the number of 
projection modules can be increased to create a complete 
spherical image. However, with a contained central light 
source such as this, it is very important that the support legs 
include conduits for high-intensity cooling of the light 
source, to prevent heat buildup within such a confined space, 
and to prevent heat from the light source from adversely 
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affecting the performance of the LCDs. A vacuum or form top or bottom of the sphere does not have to be illuminated 

of heat shield can also be used to isolate the central lighting by projection, then the support for the projector and any 

chamber from the the LCDs and their associated electronics. associated cable can be along a vertical post centered on the 

FIG, 126 shows a schematic representation of a dodeca- dark n ?* forms of extensions of the supports repre- 

hedron projected onto a concentric sphere, showing dodeca- 5 sent means for the elimination of cast shadows on the 

hedral divisions of the sphere. A projector is here symbol- pn ^f~ tl ?~J sc f een ' . 

ized as a dodecahedron 1330, and an example of the FIG. 129 shows a cross section of an individual fiber optic 

dodecahedral divisions of the image in the projected screen projection module. Here a single-pentagon projector is 

are at 1332 shown, with each panel containing the representation of one 

10 pentagonal image. The projector structure is modular, to 

Fiber Optic Illumination ease tne manufacturing process, and so that multiple mod- 
ules can be assembled or disassembled as needed to project 

FIG. 127 shows a conventionalized cross section of a a given number of p eDlagons . projection lens 1292 has 

modular LCD global projector with a fiber optic remote light a field of view at 1338 which in lhis case is equa , t0 the 

source, and individual fiber optic illumination cables for the ^ necessary coverage of a single-pentagon screen. The side 

projection modules. This is the preferred embodiment, walls 1340 of the module have surfaces that align to adjacent 

because it has the advantage of bringing a cool, bright light modules and are Ught _ tight t0 prevent the intense Ught on the 

source in to illuminate each of the projection modules. The mterior from escaping. The video and power input cables 

fiber optic illumination cables 1334 carry the Ught from a m2 are shown attached to the front of the modules, for 

remote light source such as the Cermax Xenon lamp. The 2o conve nience, while the fiber optic illumination cable 1344 

Ught source used depends on the amount of surface area to attaches t0 the back> ^ linc with lhe tical axis 258 A beam 

be illuminated by the projector. Small domes could have all spreader 1346 such as a GalileaQ beam spreader ^ tfae 

of the cables illuminated by a single hahde or xenon bulb. ^ 5eam coming from the fi5c r oplic cable before it 

The fiber cables are sheathed in an opaque flexible reaches the first lenses and the LCD projection panel. Only 
covering, and can have few or many strands, in whatever 25 the central circular portion of the panel need be illuminated 
thickness is appropriate for the amount of bending the cable for projecting a single-pentagon image, although it may be 
has to do inside and outside the projection apparatus. For desirable to spread the beam out further to illuminate the 
example, a half -inch diameter solid plastic fiber is still quite entire panel, despite the loss of brightness in the central area, 
flexible. Glass fibers have the advantage of less loss of Ught it could then pass through a clear heat shield, and a polar- 
over the length of the cable compared to plastic cables, 30 izing filter. The light then passes through the panel, and 
^although at the cost of less flexibility. The width of the cable carries the image out through the projection lens 1292 to the 
also determines its flexibility. For larger" amounts of - screen. To minimize distortion and to give the effect of a 
illumination, such as would be used for large domes, more gnomonic projection of the image (i.e. from the center of the 
light sources can be used, each feeding into a smaller dodecahedron outward) the lens should be as rectilinear as 
number, or even single, cables. The light should have a 35 possible. This will make the projected pentagon borders of 
balanced color temperature within the visible range that will the images appear as great circles on the spherical projection 
produce a pleasing overall effect to the projected image, and screen. For a panel such as the Sony LCX007 AK, which has 
maintain that color temperature consistently over most of the a 1.35" diagonal, the focal length of the lens should be 
Ufe of the bulb. Brighter bulbs tend to have hotter and bluer approximately 10 mm, and have a vertical angle of view of 
Ught than dimmer, lower-temperature bulbs. To a certain 40 at least 74.75°. 

extent, these differences in color can be compensated for by The image is cropped to a pentagonal format so that it will 

filters applied to the light before it enters the cables. matc h up to the other projected images to form an apparently 

In a spherical projector, the fiber optic cables pass along continuous image area. This masking can be done to the 

the support legs shown in FIG. 3, and are used to illuminate video image before it is projected, or the masking can be 

the individual display panels. Other signals, such as for 45 done by means of physical Ught barriers either in front of or 

auxiUary cooling fans, individual video signals for the LCD behind the lens. For a very wide-angle projection lens such 

panels, also pass along these legs to the projection array. as this, the focus is very close to the front surface of the lens, 

Hollow legs are preferred, although having the cables pass but some variation in the sharpness, to get a more or less 

along the outside of the support legs provides more access fuzzy edge to faciUtate blending, can be done by moving the 

for servicing. 50 mask closer or farther from the lens. 

FIG. 128 shows a schematic representation of a global FIG. 130 shows a cross section of a remote fiber optic 

projection surface, with pentagonal support legs consistent illumination source, and the division of the light into indi- 

with extensions of the vertices of a central dodecahedron. vidual illumination cables. A separate illumination source 

Since the outer support legs 1336 enter the globe and extend can be used for each cable, for maximum brightness in the 

to the center in the area between the projected image 55 display. But if this is too expensive, bulky and uses too much 

segments, they wiU not cast shadows on the projection power, then the light can be divided among the cables, 

screen, and a continuous image up to a complete sphere can although at a major sacrifice of brightness. Here the junction 

be projected. Similar results can be obtained if the legs, and box for the division is shown at 1348, with optional con- 

their extension to the center as supports for the projector, Ue denser lenses 1350 for each cable. The main iUumination 

along a plane representing a projection from the center of the 60 cable 1352 can be made from a Uquid light guide, plastic or 

dodecahedral edges. But this is more constrictive at the point glass, depending on the requirements of transmissibility of 

where the support legs enter the projector, since there is less Ught, weight, cost and flexibiUty. A main cable can be W 

room between the lenses at the modules' edges compared to glass or liquid light guide, especiaUy if it has a long distance 

the space to be had at the vertices. The support of the to run, while, for weight, size and flexibility, a V4" plastic 

projector in the center of the sphere can also be done by 65 cable is preferred within the projector itself. The Alumina - 

means of cables or combinations of rigid and stretched tion source is at 1354. Many types of iUumination sources 

supports following these invisible paths. If the area on the for fiber optic elements have been used, most based on 
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theatrical bulbs. The preferred source is the Cermax Xenon earlier for the X-Sphere camera configuration. This "blind 
lamp, especially the low-ozone emission models, which spot" means that the support will not cast a shadow onto the 
have a brightness up to 6000 lumens entering a Vi" fiber. A screen from any of the three projectors, 
parabolic mirror 1356 is usually used to concentrate the light xh e f ourm f orm 0 f g i 0Da i v id eo projector would use 
and direct it toward a collimating lens which directs it into 5 cathode rays to reproduce the images of the various sections, 
the cable. The housing for the light source is at 1358, which Miniature Cathode Ray Tubes (CRTs) suitable for a compact 
usually includes the power supply and cooling fans. Filters projection array could be used, arranged in a geometry 
1360 are usually used before the light enters the cable to similar to that of the other projectors described here, except 
remove infrared and ultraviolet wavelengths, so that what mat the illuminated CRT screen would be the image source, 
passes through the cable to the projector is an exceptionally 10 instead of an illuminated transparency. A miniature, high- 
cool, bright, color-balanced light. Fibertech International of brightness color CRT made by FDE Associates of 
Portland OR uses a type of filter that is capable of removing Beaverton, Oregon could be used for this purpose. Small 
all infrared wavelengths from the light entering the cable. C RTs can have higher resolution than most LCD screens, but 
FIG. 131 features a cross section of the third version of the output less light that projection bulbs, generate heat, are 
projector, showing an individual Digital Multimirror Device 35 bulky, and difBcult to color-balance relative to each other. 
(DMD) projection module, with its illumination path com- Another variation of the use of cathode rays more closely 
ponents. The DMD is a significant advancement in video resembles the method of display used in conventional 
projector technology developed by Texas Instruments, televisions, where each video projector 1382 represents a 
allowing the fabrication through semiconductor methods of source emitting a cathode ray producing a raster scan onto 
chips with individually variable mirrors representing hun- 20 a television screen, with a screen 1392 and a multicolored 
dreds of thousands or even millions of pixels. By varying the phosphor layer 1394 on this inside of a glass sphere. 

angle of reflection, light for projection is either transferred • 4 , . 1U1 . 

. & r ■ . i t i * i i The projectors used m a global projector could also be 

into or away from a projection lens. In this generalized , • * _ ■ i j- 7u j • 

« > r J , . f , J , , . . , „ ww ? . A laser projectors, including the mirror-dnven raster scan 

design for a modular dodecahedral single-DMD projector, . Z j r • *u i* * * * i 

4l _ f. Li - iL r. XMrs . 4 J , - c described in the earner patent, or a more compact laser 

the light source for the DMD is at 1362. This can be a 25 , , . . , , . r 

*V. « . 1, , it _ A c C1 _ t . semiconductor array sufficient to produce a raster scan, 

conventional projection bulb, or be the outlet for a fiber optic J r 

conduit for a light source in another location. The fight STEREOSCOPIC PROJECTION 

passes through a condensor lens 1364 before passing tr , , . , , , , 

through an RGB wheel or Biter 1366 which is synchronized 1 f lhe .Projected .mages have been recorded 

to the red, green and blue components being displayed on 30 stereoscopically, then they can be shown m 3-D as long « 

-the DMD. This can be either a spinning filter wheel divided . * e nght-eye and left-eye views are presented correctly, 

into red, green and blue sections, or be a liquid crystal memods of stereoscopic projection can be used if the 

shutter alternately displaying these colors. Because of the lma S es are vl ! wed Wlth ° ut - as ?" spherical 

speed at which the angles of the pixels in the array can be television, or from within, such as inside the geodesic 

changed, these separate changes can all be done within an 35 '~ screen. One means of 3-D presentation is by using 

overall video frame speed of 30 frames per second. The nght-eye and left-eye projectors each using oppositely 

colored light then passes through another lens 1368 and polarized hght, and separaQons of the images to the nght and 

forms an oblique light path 1370 which strikes the surface of left eves bv § las f s with opposite polarized filters. While a 

the DMD 1372. The variation of individual pixels is done commoD method ' lt ret > mres t0 ° man y c ° m P 0 ° enl * for this 

through compatible components on the support printed 40 a PP ucauon * 

circuit board 1374, and any associated electronics 1376, Abetter method is alternate-field projection, involving the 

which could be located elsewhere in the projection module, multiplexing of the right-eye and left-eye dodecahedral 

in components attached by flexible connectors 1378. The views int0 me alternate fields of a single video signal. This 

sides of the projection module are at 1380, representing the video ^& ^ viewed through liquid-crystal shuttered 

planes best suited to align the modules together to the proper 45 glasses such as those produced by Tektonix Display Prod- 

dodecahedral alignements. The input signal to drive the ucts of Beaverton, Oregon. These alternately blank out the 

display, such as a video signal, is shown at 1342. The ri S ht and left eve in synchronization with the field rate so 

variations in reflection of the pixels vary the amount of light mat the P ro P er ™™ is alwavs presented at the proper time, 

passing through a projection lens 1292 to produce a pro- ^ mfrared transmitter synchronizes the television display 

jected image 1338. 50 and one or more glasses. To eliminate the flicker that is 

sometimes still visible with this approach, the video frame 

SPHERICAL TELEVISION rate should be doubled to 60 frames per second. This also 

The fourth type of projection uses cathode rays to form has the advantage of preserving all of the video information 

the video images. Here the same principles for single- in the original dual signals. A dodecahedral 3-D image 

pentagon global projection can also be seen applied to the 55 would be extraordinary in its impact, whether it was pre- 

projection of double-pentagon images. sented in a head-mounted display, inside a dome theater, or 

FIG. 132 shows a cross section of a spherical television in a spherical television such as that described above. A 

screen with a central X-S format double-pentagon pentago- spherical television with such an image would have an 

nal image projector, made for viewing from outside the uncanny "crystal ball" effect. 

screen. Each projector 1382 projects vertical double dodeca- 60 An alternate method of presenting a stereoscopic image 

hedral images according to a projector lens 1384 and an which could eliminate the need for viewing glasses is 

optical axis such as 1386, with a center of a projected especially suited to the spherical television. Here the mul- 

segment shown at 1388. The projector array and the pro- tiplexing of the right and left-eye views is done between the 

jection screen are supported by a vertical support column pixels. In other words, the right and left-eye pixels alternate, 

1390 and a base 1396. Note that this vertical support column 65 so that right-eye and left -eye views appear as alternate 

falls in a kind of "blind spot" at the outermost tips of the vertical stripes. These stripes are matched by long lenticular 

bottom three views, at a dodecahedral vertex, as described elements on the outer glass. These lenticular strips bend the 
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light from the images so that each eye will see a different set will usually be done from farther away, around the periphery 

of views, in the same manner as stereoscopic postcards. of the sphere, such as at 1422. In this position the optical axis 

Because of the curvature of the glass, this 3-D effect would still passes through the center of the sphere, and is perpen- 

be most pronounced toward the middle of the screen; as the dicular to a dodecahedron face. Projection from across the 

glass curves away in all directions from this relatively flat 5 diameter of the dome has the effect of creating a slight 

center, the image, and with it the stereo illusion, tends to pincushion distortion of the image, due to the varying 

disappear. So if one walks around such a sphere, one would distance of the screen to the lens, that can tend to correct for 

always see a three-dimensional, relatively undistorted any barrel distortion in the original camera lens image. 

image, surrounded by a blurry haze out to the edges of the However, projection from across the dome creates a projec- 

sphere. Here a television forming a complete sphere is 10 tion path where the beam occupies much of the area below 

shown. However, A smaller portion of a sphere could also be the horizon that would normally be occupied by the audi- 

used, such as a hemisphere, or a Vs sphere sufficient for the ence. Therefore, this audience would be casting shadows on 

display of eleven single-pentagon views. the screen. In the case of the projector for the vertical 

segment, 1424, the projector would have to be located closer 

DOME PROJECTION 15 to the center at an intermediate throw distance, because it is 

p> -1 . t > f . .j .u * ■* unlikely that a large area would be available below the floor 

For the projection of images in a dome theater, a variety . , \. « . 6 , . . , . . " 

of approaches can be used to better accomodate the for the fu " ,hrow « * ■!» ** desirable to 

audience, and to make use of existing and upcoming types 0CCU Py « ' lar ge Part °f »he fl °° r « ^ center with the 

of video projectors. area of the projection beam. 

FIG. 133 shows a cross section of a dome theater showing 2 ° ™ e 6 oal for ever y P r °j e< \ ted sk f e P enta S on 14 f from 
peripheral off-axis projection, and the use of a mounted a «de projector is to reproduce the appearance of a pen- 
mirror for the vertical view. The dome projection surface ta g° nal div * 10n * » «**ntijc °f view without the 
1398 is usually supported by an integral framework behind Potion beams falling onto the area of the audience. This 
it. An outer shell 1400 can be used to mount speakers, lights, „ can b ° ■»™npli S hed «hf ^ projectors even if they are 
and sound control baffles and reflectors. The seats 1402 can 25 ?° v e J? a n6W o£feet p °f ,0 °. to c i eate an ofiEs6t 
be fixed or allowed to swivel to allow for the audience to 1428 ^ "nage created by this offset projector 1430 can be 
follow the action in several portions of the hemisphere. <! orrected means of a tejBtomng adjustment to reproduce 
Motion control seating is increasingly being used by many th f e correct a PP earance ° f the P«>J«*«i segment. Some types 
companies for greater effect in the projected program. „ f P«°jectoB or projection lenses may require an even 
Usually, the best seating is located toward the center of the 3 ° farthe ' . ,hrow d^tance than the diameter of the dome. Such 
dome. The more mobility is allowed the seats and the ? P° slt,oa ^ show ° a ! 1A3 *: But » conserve space, a mirror 
audience, the smaller the seating capacity of the dome. A 1434 M . be ^ for th,s Penpheral projector as well, 
viewer 1404 is shown to scale for this 42' (12.8 m) diameter P lacln « the projector at a position 1436 still close to the 
^ ome periphery of the dome. With the use of off-axis penpheral 

35 projectors, the effective lower limit for the projected image 

Most existing powerful theatrical video projectors are fc sfaown at xm wdl bdow the hodzon ^ hmil can be 

large in size and are not made for the extremely short, raise d to the horizon or above, by means of further cropping, 

wide-angle throw that would characterize the ideal dodeca- if there is a need to have a greater clearance between the 

hedral projection from the center of the sphere. An array of audience and the pro j ec ti on beams. 

projectors in the center of the dome would also tend to block 40 . r t . 

f. . c.x tt e , 4U t ! FIG. 135 shows a cross section of dome screen proiection 

the view of the audience. Therefore, to clear the central area . • , c , ? . , . 

1 . . ! r ,t 1 * , . . showing the use of mounted mirrors for extended throw 

and still achieve clearance of the audience dunng projection, . . ™. 

the projectors 1406 should be located around the periphery, distances - ™ 1S arran g ement 15 "seful for full or partial 

with the axis tilted upward such as at 1408, at a level below domes using inexpermve projectors with long required 

the dome center 1410. This allows for the projection of the 45 throw dls « ances - ™* P en P h ™} PW«*x for the top seg- 

above-horizon pentagons down to, or below, the horizon, ment 1S sho , wn . at 14 f' ^ defle f ' ed off °f a 

even to their full extent more than 10° below the horizon. mawl 144 , 2 1 Z h ^ dc P 10 ^' 0155 1444 are 

For the vertical pentagon, the vertical axis is shown at 1412. defl fi e ^ d ^ mi 1 rr ° IS 1446 ^ *™&™<* » especially 

rp 4U *• *u j* j*i *u usenil tor a partial tour- pentagon screen, because the viewer 

To achieve the optimum throw distance, and to keep the . , . f - < . 

projector out of the way of the audience, the vertical 50 * *"? l ° L take : a P omt u beh u md the mirror 1446 that 

projector can be kept under the floor 1414, and reflected wouJd °*erwise be occupied by the projector, 

vertically off a mirror 1416. The projection beam thus Although three-gun RGB CRT projectors can be used, to 

emerges from a relatively small well or glassed-over open- maintain better consistent convergence and color, other 

ing that occupies a minimal part of the prime seating area in tyP^ of projectors are preferred. The hybrid Hughes/JVC 

the center of the dome. If off-axis projection is used for the 55 Hghtvalve projector is the current state of the art, and can be 

central projector as well, this opening can be moved away used for dodecahedral projection to fill a screen up to 60 feet 

from the exact center of the dome. The projector and mirror ( 18 - 32 m ) in diameter. Upcoming Digital Multimirror 

can be part of a general service area 1418 underneath the Device (DMD) projectors are preferred in the next 

audience, which can also hold the playback and monitoring generation, because of their high brightness, compact size, 

equipment for the theater. 60 and consistency of image. For these bright projectors, the 

FIG. 134 shows a composite cross section of a dome surface should have t low rel ?**y of around 

screen showing peripheral projection, off-axis projection 25-30% to minimize cross-reflections within the projected 

and the use of mounted mirrors for extended throw dis- hill-dome image, 

tances. The ideal location of a projector at the center of the SCREEN MEANS 

sphere is shown at 1420. However, because of the con- 65 

straints of existing projector manufacture, and because of the In addition to more conventional rigid dome shells, such 

need to clear the central space for viewing, the projection as are made for planetariums and other dome theaters by 
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such companies as Spitz Domes, new forms of dome screens 
particularly adapted to the display of dodecahedral images 
can be employed. Each of these screens is constructed with 
seams that follow the pentagonal divisions of the dodeca- 
hedral image. This not only aids in the alignment of the 
image to the screen, and the alignment of any multiple image 
projectors, but also serves to disguise the seams in the image 
and make it appear more continuous. 

Geodesic Curtain Screen 

FIG. 136 shows a cross section of a novel geodesic curtain 
screen, showing the suspension elements and the position of 
peripheral projectors. This dome can be folded up and left as 
a ceiling assembly, out of the way of the floor, until the need 
arises to lower all or part of it for projection. The geodesic 
curtain screen consists of sections, all attached to a ceiling 
1448 by means of an anchor platform 1450 with suspension 
struts and pulleys 1452 attached to motorized reels for 
cables 1454, and these cables are attached behind the screen 
surface. The inner struts and cables are shown at 1456, 
responsible for the partial contraction of the screen, to a 
much lesser extent than the outer struts attached to the outer 
support 1458 for the inner projection screen surface 1460. 
The supports for each section are designed so that the 
sections of the screen will separate and fold up when pulled 
upward by their respective cables. These cables pass over 
pulleys attached to the anchor platform attached to a ceiling, 
whether of a conference room, living room, warehouse, or 
convention hall. The cables are coupled to motorized reels; 
by energizing the motors, the cables can either be reeled in 
or let out, thereby drawing up or letting down the sections 
of the geodesic curtain. Note that here a space is left open 
around the base of the screen, so audience members can pass 
in and out, and also to allow sound to escape from within the 
screen, minimizing distorting reflections. If the interior 
needs to be lightproofed, then a separate regular curtain can 
be added either to the bottom of the screen, or separately 
supported to minimize the weight put onto the geodesic 
screen. Projectors will display dodecahedral images upon 
such a screen, either from a composite central projector such 
as that described above, or from separate projectors 1406 
located around the periphery. For convenience, the zenith's 
projector 1414, can be made to shine into a central mirror 
1416 which then reflects the image upward. 

FIG. 137 shows a cross section of a portion of this screen, 
showing the types of hinging elements used for the screen 
sections and how they interact during extension and retrac- 
tion. Note that the screen sections are actually flat, but by 
coming together in a controlled way they create an overall 
surface that is effectively spherical. A strut attached to the 
anchor platform 1450 has a pulley 1452 attached to a 
motorized reel for a cable 1454. A rigid suspension member 
1462 is attached to a section of the screen that does not 
move, such as the sections of the screen closest to the top. 
Contacting flanges in the support frames are shown at 1464 
and a screen section is shown at 1466. The sections are 
grouped into folding panels. Inside each folding panel are 
struts between the sections that are attached by limited- 
travel hinges 1468, separated along their outer edges, pro- 
viding a certain small amount of flex to create the spherical 
curvature of the screen. This amount of flex is limited by 
flanges on bolts going through holes through the struts, or by 
other limiting means such as loose, U-shaped elements 
along the outer edges. When a strip of folding panels is 
pulled upward at its lower end such as by a cable attached 
to an anchor point, the outer edges of these struts come 
together and the sections straighten out within the panel to 
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a flat plane which resists further bending. It thus can be 
treated as a planar surface, and folded and stacked efficiently 
with other sections. The hinges connecting the folding 
panels are of two types: front-surface and back-surface 
hinges. The back-surface hinge 1470 is designed to fold 
inward, towards the projection surface 1460, along the line 
of travel 1472, thereby separating the flanges along their 
rearmost edges. The front-surface hinge 1474 is designed to 
fold outward, away from the projection surface. These 
hinges between the panels occur in an alternating sequence 
along a strip of folding panels. When the cable attached to 
the bottom of the strip at 1476 is contracted, the inner 
sections flatten as shown at 1478. When the strips are 
extended, the various panels and sections form a facted 
projection screen with an overall spherical curvature 1480, 
suitable for the projection of a dome image. 

FIG. 138 shows a flattened top view of a one -fifth section 
of a geodesic curtain screen, showing the patterns of the 
major and minor support elements behind the projection 
surface. The overall structure of this particular geodesic 
curtain is a three- frequency triacontahedron (also known as 
a Triacon) geodesic dome, which can also be described at a 
6 -frequency icosahedron (Class II). It is made up of six 
constituent geodesic edge lengths 1482, shown here as A 
through F. The lengths, expressed as a proportion of the 
overall sphere's radius are: 

A-0.22425 

B-0.26427 

C-0.21877 

D-0.25562 

-E-0.20604 - 

F-0.23182 

These are used to form a large triangle 1484, a medium 
triangle 1486, and a small triangle 1488. The use of the 
Triacon breakdown offers the advantage of always yielding 
some divisions which represent the edges of a 
dodecahedron, such as at 1490; this simplifies the task of 
aligning several pentagonal images. The greater the number 
of facets, the greater the spherical curvature; the structure 
here represents a balance between maximum spherical cur- 
vature with minimum construction complexity. 

Around the center at the top of the dome 1492 are portions 
of the curtain screen that are fixed in place, such as at 1494 
for the section shown, and 1496 for the segments not shown 
in this illustration. The minor struts, forming the supports 
within each folding piece, are shown in lighter lines, such as 
at 1498, while major support elements, forming the edges of 
the folding pieces, are shown as bold lines. The separations, 
also known as gore paths or sinuses 1500 visible in this 
flattened view show its separate sections. One of the strips 
in the lower center is shown detached only to prevent 
overlap with the adjacent pieces in the illustration When 
these strips of sections meet along their edges, they form a 
faceted screen with spherical curvature. The folding pieces 
are connected along each strip by alternately front surface 
hinges, 1502, close to the projection screen, and back 
surface hinges 1504, between the back supports. As the 
strips contract, side by side edges in the strips will contract 
in opposite directions, preventing the strips from sliding 
atop each other. Each strip is raised an lowered by at least 
one cable anchor point at the bottom 1506. For purposes of 
neatness, the triangles along the very bottom of the strips 
should be cut to make an overall straight line across the 
bottom of the unfolded screen. 

The geodesic screen should be as lightweight as possible, 
to aid in its portability. For example, the projection surface 
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can be a lightweight canvas, stretched over lightweight 1530 is a curved surface suitable for the projection of an 

wooden struts. Or the projection surface can be thin Styro- image. A preferred shape is a kite-shape section described 

foam panels, with hardened edges and struts glued to their below. A preferred material is Celtec™, a white foam 

backs. Such a geodesic curtain can be useful in many Polyvinyl Chloride sheet which is opaque, can be heat- 

situations. Because the deployment is controlled by the 5 formed to a spherical curvature over wooden or aluminum 

suspension cables, a number of segments covering an area of molds, resists discoloration, and is not brittle. Another 

less than a hemisphere can be deployed and the partial material that can be used for the creation of translucent 

curtain will still maintain its proper spherical curvature. If screen panels for projection, suitable for viewing both inside 

only three pentagonal sections around the horizon need be and outside the dome, is polyethylene. Each lightweight 

seen, for example, only that portion of the geodesic curtain 10 ? mcl can te attached to the frame 1532 by means of 

need be deployed, and the other segments of the curtain can Woo™, which allows it to be taken on and off as needed 

remain folded, or not be included in the curtain assembly. ™* cross sect ' on shows a lon S s u trut » th ? ™ dd L e 1534 and 

a short or medium strut on either side 1536. Here too is 

Modular Great Circle Screen shown an optional speaker 1538 attached to the back of the 

FIG. 139 shows a top view of the framework of another , c P«»l. With technology such as is used by Sound Advance 

kind of dome screen, made of sections that can be disas- 15 Svstems of 00518 Mesa Calif > wnsducer speakers can be 
sembled and easily packed, and designed according to attached to panels to vibrate them as membranes 

geodesic great^ircle divisions of the sphere. The constituent ; he, f * ellmlnatln g the need for perforated screen materia 

. r j „ 1-1 j * . j . to allow sound waves to pass through, since the screen itself 

parts of this dome are extremely simple, and are related to , • «: * *u i ~ u 

\ , , , , * » ' ij rp, ~ . becomes in effect the speaker membrane, 

the parts of a dodecahedron shown in FIG. 3. The framework „ ™„ ~ AA , . c , , . 

f4 r. j t_ * * r i *i_ i *i_ j- 20 FIG. 144 shows a perspective view ot a sphere, showing 

of this dome has struts of only three lengths, corresponding . . * . j ,. • ■ 1C/(n PtU . ** , ; to 

. . . * \ ic * * j j . j i how each kite-shaped division 1540 of this modular screen 

to the radius, altitude and half-edge of a dodecahedral re esents a mh y o{ a pentagon , formed t0 a spherical 

pentagon as projected onto a concentric sphere. The long curvature which matches that of the overall sphere, as can be 

strut 1508, the medium strut 1510, which is 84.86% of the ^ in the cr0 ss-section 1542. This kite shape is made up of 

length of the long strut, and the short strut 1512, which is 25 ^ Q of the essential divisions of this framework, consisting 

55.93% percent of the length of the long strut. These struts 0 [ a triangle bounded by the three different struts. This 

are attached at hubs (the lengths of the struts are measured triangle defines the smallest identical division possible of a 

from hub center to hub center). These hubs are again of only sphere. The alternate pairing of these triangles, along the 

three types. The large hub 1514 corresponds to the center of medium strut to make a larger triangle, is less preferred as 

the dodecahedron face, and has ten sets of equally-spaced 3Q a screen shape because it is more difficult to manufacture 

radial holes. The medium hub 1516 corresponds to the and to handle. After the desired number of pentagon sections 

vertex of the dodecahedron" face, and has six sets of equally- are assembled, to round off the edges of the assembled 

spaced radial holes. The small hub 1518 corresponds to the screen, a certain number of the screen panels should be made 

center of the dodecahedron edge, and has four sets of in the small single-triangle shape. 

equally-spaced radial holes. When these elements are put - FIG. 145 shows a top view of one assembled section of 
together, they form a graceful, lightweight and extremely this screen, along with its covering, and showing the mount- 
strong dome framework 1520 that lends itself to hemispheric ^ of ™ attached speaker. Here once again we see the long 
and dodecahedral divisions. 1508 > medium 1510 and short struts 1512, along with the 

cir ^A^i c L ffllJC a , _ t - „• r t , mm ^ ne >„ tc „ f large 10-hub, 1514, the medium 6-hub 1516, and the small 

Flu. 140 shows a schematic view ot the components ot , , 1C1D ,U , , . 1( , 4 , , t 4 , r 

t . . i t c -.i. 4 u i . * iff ao 4-hub 1518. The velcro used to attach the panel to the frame 

this modular screen frame, with the long strut 1508 .the 40 on the outside edge 1544ishalf the width of the frame, while 

medium strut 1510 and the short strut 1512 along with the ^ Vekro d * the center 1546 fa the m ^ of the 

large face-center hub 1514, the medium face-vertex hub framc> since i{ is not adjacent t0 any other panel ^ ^ 

1516, and the small edge hub 1518, with bolt holes in each attachment of the panels by means of Velcro has the effect 

for attachment. A preferred material is !/ 8 " thick rounded- of nat urally isolating their sound vibration from the frame, 

edge square aluminum tubing, for the frame, and Ys" sheet 45 ma king them better as transducer speaker membranes. A 

for the hubs. speaker array is shown attached to the back of the panel, 

FIG. 141 shows a representation of a four-pentagon with a small speaker 1548 and a large speaker 1550 option- 
projected view, created by four pentagonal projectors 1522 ally anchored to the frame by means of clamps 1552. 
displaying their images on a four-pentagon partial dome Through the use of dodecahedral imaging, a new and 
screen 1524, including the optional outside image areas. 50 more comprehensive view of the world becomes possible. 
Such a four-pentagon screen is a useful configuration The easy production of wrap-around images of real envi- 
because it roughly fills a normal field of view, and is roughly ronments will lead to greater awareness of the unique places 
equivalent to the OMNI MAX film image. The same field of on this Earth, and the addition of special effects to these 
view could also be created by two double -pentagon projec- images will take the viewer to new realms of the imagina- 
tors. 55 tion. Taken together, these techniques and tools for immer- 

FIG. 142 shows a perspective view of a partial dome sive imaging can define a new creative medium for the 21st 

screen representing a three-pentagon view. A three-pentagon Century, 

view has one fewer projected segment than the four- I claim: 

pentagon view above, so is less immersive, but is better 1- An improved method for photographing a wide field of 
suited to cases where a shallow dome needs to be filled with eo view U P t0 a complete sphere, including the steps of: 
an image. Here an assembled three pentagon screen 1526 is centering a dodecahedron inside a concentric sphere rep- 
shown in a raked configuration, supported by curved vertical resenting a spherical field of view, and evert extension 
support struts 1528 that follow the lines of meridians of of the faces of said dodecahedron onto said sphere, 
longitude, and are also formed by the use of the modular thereby forming twelve pentagonal sections; and 
support frame elements described above. 65 placing within the sphere at least one movable camera 
FIG. 143 shows a cross section of the framework and the having a field of view of at least one pentagonal 
screen covering for the modular dome screen. A screen panel section; and 
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moving the camera so as to produce a succession of 
images, each image being of a different section of the 
wide field of view from the preceding image, which 
images together form a composite image of the wide 
field of view; and 

combining the images to produce a record of the appear- 
ance of the wide field of view. 

2. The method claim 1, wherein at least one pentagonal 
section is recorded more than once from offset points of 
view, for a stereoscopic effect. 

3. A camera apparatus for recording the appearance of a 
wide field of view up to a complete sphere, by making use 
of six equally-spaced alignment points, comprising: 

at least one subcamera, each subcamera comprising a lens 
having a field of view sufficient to encompass two 
. adjacent pentagonal sections of a spherical field of view 
divided according to the projection of a concentric 
pentagonal dodecahedron; and 

means for centering said field of view on at least one of 
the six horizontal dodecahedron edges immediately 
above and below an equatorial plane equidistant from 
opposite vertices and bisecting said pentagonal dodeca- 
hedron, 

4. The camera apparatus of claim 3, wherein said means 
for centering include a movable support member coupled to 
said subcamera, for the successive realignment of said field 
of view to produce a plurality of successive images. 

5. The camera apparatus of claim 3, further including 
including the bisection of said spherical field of view into 
two halves of three dual-pentagon images each, according to 
a hemisphere base plane tilted approximately 54° relative to 
said equatorial plane, and wherein one double-pentagon 
image in each of the two halves is inverted. 

6. The camera apparatus of claim 3, wherein said means 
for centering include alignment mount surfaces in the form 
of modular geometric shapes, comprising a rectangle with a 
short side and a long side, wherein the ratio of said long side 
to said short side is approximately equal to the Golden 
Section, and a trapezoid comprising three of said short sides 
and one of said long sides. 

7. A camera apparatus for recording the appearance of a 
wide field of view up to a nearly complete sphere, by making 
use of a set of ten equally -spaced alignment points in a 
single plane, comprising: 

at least one subcamera, each subcamera comprising a lens 
having a field of view sufficient to encompass two 
adjacent pentagonal sections of a spherical field of view 
divided according to the projection of a concentric 
pentagonal dodecahedron; and 

means for centering said field of view on at least one of 
the ten decahedron edge centers defined by an equato- 
rial ring plane bisecting and equidistant from opposite 
faces of said pentagonal dodecahedron. 

8. The apparatus of claim 7, wherein said means for 
centering include a movable support member for successive 
realignment to adjacent positions selected from among said 
ten dodecahedron edge centers thereby producing double- 
pentagon images which overlap in a manner suitable for 
stereoscopic effects. 

9. The apparatus of claim 7, wherein said means for 
centering include a movable support member for successive 
realignment to to either the odd or the even positions 
selected from among said ten dodecahedron edge centers, 
thereby creating a set of up to five non-overlapping double - 
pentagon images which cover a nearly complete spherical 
field of view. 
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10. A camera apparatus for recording the appearance of a 
wide field of view up to a complete sphere, comprising: 

at least one subcamera, each subcamera comprising a lens 
having a field of view sufficient to encompass two 
5 adj acent pentagonal sections of a spherical field of view 
divided according to the projection of a concentric 
pentagonal dodecahedron; and; 
means for centering said field of view on one or more of 
a first set of six selected dodecahedron edge centers 
10 which also represent the vertices of a concentric octa- 
hedron. 

11. The camera apparatus of claim 10, wherein said means 
for centering include a movable support member for the 
successive realignment of said field of view to at least one 
of said first set of selected dodecahedron edge centers. 

12. The camera apparatus of claim 10, with a second set 
of six selected dodecahedron edges being determined by the 
rotation of said concentric octahedron by approximately 72 
degrees, according to an axis of rotation equidistant from all 

2Q of the vertices of said octahedron whereby double-pentagon 
images taken according to the second set of six selected 
dodecahedron edges will at least partly overlap double- 
pentagon images taken according to the first set, said overlap 
being suitable for stereoscopic effects. 
25 13. A camera apparatus for recording the appearance of a 
wide field of view up to a complete sphere, comprising: 
at least one subcamera, each subcamera comprising a lens 
having a field of view sufficient to encompass three 
adjacent pentagonal sections of a spherical field of view 
30 divided according to the projection of a concentric 
pentagonal dodecahedron; and 
means for centering said field of view on one or more of 
a first set of four selected dodecahedron vertices which 
also represent the vertices of a concentric tetrahedron. 
35 14. The camera apparatus of claim 13, wherein a rotated 
position for a second triple pentagon image is created by a 
rotation of said centering means by approximately 90°, 
according to an axis connecting the centers of opposite 
edges of said tetrahedron, thereby creating an overlap of 
40 portions of a first triple pentagon image and said second 
triple -pentagon image for stereoscopic effect. 

15. An optical apparatus for the transmission of images 
across crossing light paths, comprising: 
A plurality of divided lens element sets, each divided lens 
45 element set capable of transmitting light along an 
optical path, said optical path including a central opti- 
cal axis and representing a lens field of view, capable 
of being' focused on an image plane, each divided lens 
element set comprising a front lens element and a rear 
50 lens element, 

A rigid mount array comprising a plurality of parallel 
opposite faces, and an opening in each of said faces 
containing a coupling for a coupled lens element, said 
coupled lens element selected from the set consisting of 
55 front lens elements and rear lens elements, so that the 
only light entering or leaving the array will be through 
said coupled len elements, and so that said front and 
said rear lens elements will form a divided lens element 
set along an optical axis that crosses the center point of 
60 said rigid mount array, with no part of any of said 
divided lens element sets blocking the transmission of 
light across said rigid mount array along any of the 
optical paths of said divided lens element sets, 
A plurality of cameras, each of said cameras coupled to 
65 one of said rear lens elements, and each designed to 
record the appearance of the image presented on said 
image plane. 
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16. The apparatus of claim 15, wherein said front and rear 
lens elements are designed to create an optical path which 
includes a nodal point roughly congruent to said center point 
of said rigid mount array. 

17. A temporal offset optical mount apparatus for mini- 
mizing parallax differences through the use of one-frame 
increments of distance according to a given rate of 
movement, comprising: 

A plurality of cameras in a row, beginning with a base 
reference camera, said cameras with lenses arranged so 
that their nodal points have an approximately equal 
spacing apart along an alignment line, 

Synchronized separate recording means for producing an 
image record for all of said cameras, according to a 
constant time scale of frame divisions, 

Means for measuring the rate of movement of said 
cameras in a direction parallel to said alignment line, 

Means for adjusting the amount of said approximately 
equal spacing to a distance divisible by the distance 
covered over a one-frame span of time by one of said 
nodal points, 

Means for subsequently adjusting the image record of a 
selected camera by a number of frames representing the 
number of one-frame spaces between it and the base 
reference camera. 

18. An improved camera apparatus for recording the 
appearance of a wide field of view up to a complete sphere, 
comprising: 

up to six subcameras, each subcamera comprising a lens 
having a field of view of at least one pentagonal section 
— of-a spherical field of view divided according to the 
projection of a concentric pentagonal dodecahedron; 
and 

a rigid mount coupled to the subcameras, and arranged to 
orient each lens to face inward along an optical axis 
crossing the center point of the dodecahedron. 

19. Recording apparatus especially suited for the record- 
ing of nearly spherical views, comprising: 

a camera array having a center point and an overall field 
of view of most of a sphere, the camera array compris- 
ing multiple cameras, each of which covers a segment 
of the overall field of view, the camera array having a 
blind spot including at least one segment of the field of 
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view and extending outward from the center point, the 
blind spot being invisible to the camera array; and 
recording equipment coupled to the camera* array and 
disposed within the blind spot. 
5 20. The recording apparatus of claim 19, further compris- 
ing means for transportation of said camera array and said 
recording equipment together in a wheeled conveyence. 

21. The recording apparatus of claim 19, further compris- 
ing means for transposition and combination of image 

10 information from multiple video camera feeds to record up 
to three pentagonal views on one video recorder without 
substantial image compression. 

22. A modular global video projector for the projected 
display of up to an entire spherical image, comprising: 

15 at least one light source, the light source being directed 
into a plurality of fiber optic light guides; 
a projector array comprising a plurality of projector 
modules, each module being coupled to at least one of 
said fiber optic light guides, and each module produc- 
20 ing an image segment projected outward through a 
lens, the projector array producing through the projec- 
tor modules a contiguously arranged composite of 
image segments; and 
a support structure connected to said projector array. 
25 23. The modular global video projector of claim 22, 
wherein each projector module uses a Digital Multimirror 
Device (DMD). 

24. The modular global video projector of claim 22, 
comprising means for avoiding cast shadows in a spherical 

30 image projected on a screen surface. 

25. An easily assembled modular screen for a dome 
" theater, comprising: - - _ . - 

a modular framework of geodesic great circle lengths, the 
35 lengths having dimensions corresponding to the radius, 
altitude and at least one half of an edge of a spherical 
dodecahedron, as projected onto a concentric sphere; 
and 

a plurality of screen elements attached to the modular 
4Q framework, each screen element having a curvature 
corresponding to the concentric sphere and a standard- 
ized shape, with edges corresponding to said lengths, 
and means for attachment to said framework. 

***** 
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